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ABSTRACT 
A predominant problem that must be solved in the medico-legal field of forensic 
science is when death occurred.  Accurate determination of postmortem interval (PMI) 
enables investigators to narrow the time frame of events for a case, a crucial step for law 
enforcement in forensic analysis.  Multiple taphonomic variables affect the decay rate of 
the human body and the subsequent formation of PMI estimates.  Employing a two-
phased strategy, this study seeks to analyze the correlation between the deterioration rates 
of various fabric types in relation to determining the PMI of a forensic case.  First, an 
analysis was completed based on a comparative evaluation of clothing curated by the 
Louisiana State University Forensic Anthropology and Computer Enhancement Services 
(FACES) Lab.  Second, a field study exploring the deterioration rates of cotton and 
polyester was initiated in Baton Rouge, Louisiana, and Fredericksburg, Virginia.  The 
eight-month field study analyzed the influence of varying climates and burial conditions 
over time.  Results indicate that a linear predictive model of deterioration is not possible 
because deterioration is not linear.  However, as demonstrated by both research projects, 
characteristics of fabric deterioration are observable and can be assessed to form PMI 
estimations.  In the FACES Lab research project, examination of only clothing offered 
82% accuracy in determining PMI.  When taken in consideration with other evidence, 
particularly skeletal materials and knowledge of the deposition context, the examination 




CHAPTER 1: INTRODUCTION 
A predominant problem that must be solved in the medico-legal field of forensic 
science is when death occurred.  Determination of the postmortem interval (PMI) 
typically falls upon the forensic pathologist, but in advanced cases of decomposition, a 
forensic anthropologist may be consulted.  Accurate determination of PMI enables 
investigators to narrow the time frame of events for a case, a crucial step for law 
enforcement in forensic analysis.  However, as the PMI increases, the accuracy of 
determination of PMI often decreases (Schoenly et al. 1991).  Taphonomy, in a forensic 
context, is the study of the “laws of burial”, or the decomposition of the body in relation 
to environmental and cultural factors (Haglund and Sorg 1997:3).  A deceased body can 
be considered the centerpiece of a newly emerging microenvironment governed by a 
complex set of phases of consumption, decomposition, assimilation, and dispersal.  
Processes of decay are dependent on the unique characteristics of the environment prior 
to the deposition of the body (Sorg and Haglund 2002:5).  Multiple taphonomic variables 
affect the decay rate of the human body; however, isolation of just one variable in 
experimental studies is difficult due to the intricate interrelation of the pieces.  Rarely in 
an actual forensic case can PMI be determined based on one variable (Mann et al. 1990).  
Yet, an investigator can aspire to having a basic understanding of the various effects that 
each variable may bring to the deterioration rate of a body to form a more comprehensive 
assessment of the PMI. 
Employing a two-phased strategy, this study seeks to analyze the correlation 
between the deterioration rates of various fabric types in relation to determining the PMI 
of a forensic case.  First, an analysis was completed based on a comparative evaluation of 
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clothing curated by the Louisiana State University Forensic Anthropology and Computer 
Enhancement Services (FACES) Lab.  Second, a field study exploring the deterioration 
rates of cotton and polyester was initiated in Baton Rouge, Louisiana, and 
Fredericksburg, Virginia.  The eight-month field study analyzed the influence of varying 
climates and burial conditions over time 
A more comprehensive knowledge of the effect of the environment on the 
breakdown of textiles, their rate of decomposition and what factors contribute to their 
deterioration, will equip forensic investigators with another reliable method of 
determining the postmortem interval (PMI) of a case.   
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CHAPTER 2: LITERATURE REVIEW 
One can correctly interpret the deterioration of textiles only by understanding 
both the composition of textiles and the environment in which they deteriorate.  
Quantitative assessment of the interaction rate of the deteriorative factors can be 
challenging due to the number of variables that must be considered.  During 
decomposition, a body will create heat, gradually liquefy, and change the chemical 
environment of the immediate microenvironment (Janaway 2002:380).  Water levels, soil 
type, temperature, relative humidity, oxygen levels, the presence and type of surrounding 
flora and fauna, and the level of direct sunlight or tree cover are all factors to be 
considered in the assessment of deterioration rates (Henderson 1987:45-49).  In addition 
to the broad scope of environmental factors affecting the deterioration rates of fabric, are 
the composition and type of fabric (Landi 1992:17-27).  Textiles are subject to 
differential decay depending on composition, dyes, surface finishes, and treatments 
(Janaway 2002:380).   
Textiles 
Textile fibers vary greatly in basic molecular structure, each type exhibiting 
unique chemical and physical properties (King 1985:3).  Two main classifications of 
textiles exist: natural and synthetic.  Natural fibers come from animal and vegetable 
sources.  Animal fibers, such as wool and silk, are built up from amino acid units into 
polypeptides which link together to form protein (Allsopp 1986:23).  Vegetable fibers, 
such as cotton and flax, are much more simply constructed and consist of units of the 
polymer cellulose.  Synthetic fibers fall into the classes of polyamides (nylon) and 
polyesters. Polyesters are ester chains: the combination of an organic acid with an 
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alcohol.  Several characteristics that distinguish textile types are the shape of the fibers, 
density, surface morphology, moisture retention, and weave structure.  Cotton and 
polyester are two of the most common and widely used textiles types and serve as the 
primary focus of this study (Landi 1992:8-11). 
In natural form, cotton is composed of twisted, convoluted flattened tubes that are 
open at the base and closed at the tip.  Cellulose is a polysaccharide formed from about 
14,000 glucose residues held together molecularly by bridges of oxygen.  The glucose 
residues combine in bundles of about 2,000 to form microfibrils, which in turn, form 
single chains with hydrophilic, or water-loving, groups.  The hydrophilic groups also 
respond readily to inter and intra hydrogen bonding.  Cellulose’s affinity for water and 
hydrogen bonds makes the molecules highly susceptible to water absorbency and acidic 
conditions.  When exposed to water, cotton fibers will swell and lengthen.  Cellulose can 
also oxidize at sites of hydroxyl (OH) groups to form oxycellulose.  The formation of 
oxycellulose disrupts the hydrogen-bonded molecular network, thereby reducing fiber 
strength and enabling further degradation of the fiber (Janaway 2002:383).  The oxidation 
of primary alcohols, such as OH groups, is stimulated by acidic conditions (Brown and 
Foote 1998:348).  Various organic elements within soil composition react to form acidic 
compounds.  The enzymes of microorganisms readily attack cellulolytic fibers.  In both 
well-aerated and anaerobic soils, fungi and other varying forms of bacteria degrade 
cellulose.  In anaerobic conditions, pH plays a major role in the differential preservation 
of textiles.  Proteinic fibers, such as wool and silk, are favored in acidic conditions with 
low pH levels; whereas, cellulolytic materials, such as cotton and linen, are favored by 
alkaline conditions with higher pH levels.  As opposed to synthetic fibers, natural fibers 
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are readily degraded by the action of microorganisms over a comparatively short period, 
unless in the context of specific burial conditions which inhibit biodegradation.  
Desiccation, freezing, and the presence of metal ions, particularly chromium and copper, 
have been proven to retard microbial action.  An example of the preservative nature of 
anaerobic alkaline conditions is that linen textiles dating to the Neolithic have been 
recovered from an Alps lakebed (Janaway 2002:381).  Peat bogs have also been 
discovered to create anaerobic, alkaline conditions.  Peat, formed from partially 
decomposed and compacted remains of plants that have accumulated under waterlogged 
conditions, contains chemicals that are highly effective in reducing microbial growth.  In 
Denmark, Iron Age peat bog bodies have been recovered with clothing still in tact 
(Chamberlain 2001:47).   
Cotton use is widespread due to the combination of comfort, low cost, and easy 
washability.  Cotton can be used in a wide range of clothing types in all seasons and 
climates.  In an effort to improve upon the benefits of cotton as well as increase 
durability, the DuPont Company first introduced polyester in 1953. Polyester and 
subsequent variants have been commercially widespread since 1958.  Polyesters are long 
chains of synthetic polymers containing aromatic carboxylic acid.  Special properties of 
synthetic fibers are determined by the chemical composition of the textile and its 
treatment in production.  Polyester is resistant to stretching, pulling, wrinkling, and 
abrasions (King 1985:75-77, 98-101).  The susceptibility of polyester to decay depends 
on the physical structure of the chain; unbranched chains decompose faster than highly 
divergent chains (Allsopp 1986:44). 
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The weave pattern of a fabric affects its thickness and durability.  The simplest 
pattern is a plain weave, which interlaces fibers in an even over and under fashion.  
Basket weave is also an over and under weave, but varies the pattern by pairing the warps 
of the fibers.  Various weave patterns, such as rib, basket, twill, and satin alternate the 
density of the warp and the filling fibers, or yarns, to form closed or open weaves.  
Knitted fabrics are formed by drawing loops of yarn through other loops in single or 
more complex patterns (King 1985:124, 131, 147).  Once fibers are assembled into a 
specific weave or pattern, finishes may be applied for a variety of functions.  Finishes are 
used to clean, to shape, and to increase comfort, maintenance, durability, environmental 
protection, and biological resistance.  Multiple classes of dyes may be applied as well 
(King 1985:170). 
Soil Chemistry 
The intricacies of soil chemistry affect decomposition rates.  Soil is a system of 
solid, liquid, and gas phases.  The solid soil phase is a mixture of mineral and organic 
material, which provides the skeletal framework for the system.  Within the framework is 
a complex of pores shared by liquid and gaseous phases.  A soil solution is a liquid phase 
of water and dissolved substances, such as free salts, ions attached to clay, and organic 
solutes.  The soil solution is the medium in which most soil chemical reactions occur.  
The composition of the solution governs the pathways of elements; clay particles are 
anions (negatively charged) and drawn to cations (positively charged ions) such as 
sodium (Na+), potassium (K+), calcium (Ca2+), and water.  When ions become hydrated, 
energy is released, forming a heat of solution.  Different organic compositions of soil 
may affect the heat created (Tan 1982:20-22). 
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Soil organic matter can be divided into nonhumified and humic materials.  
Nonhumified materials are subject to degradation, unless adsorbed by inorganic 
compounds, in which case they are shielded from deterioration.  Humic materials are the 
end product of degradation.  Depending on climatic conditions, humic content is often 
stable; in the southern United States and subtropical climates, soil humus content seldom 
exceeds 3.5%.  Humic soils are characterized by low total acidity.  The pH scale ranges 
from 0 (highly acidic) to 14 (extremely basic, with a neutral zone centered around 7 
(Zumdahl 1997:656).  Acidic soils, with a pH < 6.5, are common in humid regions, 
whereas alkaline soils, with a pH of 7.5-9, are common in semiarid and arid regions (Tan 
1982:48-49, 183). 
Decomposition of the Human Body 
Three main factors are extrinsic to the preservation of human remains and 
associated materials: the environment (geography and geology), local flora, fauna, and 
insects, and the activities of humans.  Intrinsic factors exist as well, such as chemical 
decomposition.  Water, soil, temperature, and air are leading environmental factors 
influencing decomposition rates.  The effect of water varies based on differences in 
relative humidity, mean annual precipitation, and drainage.  Again, preservation is better 
in neutral or slightly alkaline soils.  Acidic conditions will stimulate the dissolution of the 
inorganic matrix within bone remains, leaving only the organic matrix, which is 
susceptible to leaching by water.  Temperature varies with latitude, season, and depth of 
burial, noting differential temperature is integral to analyzing decomposition because 
rates of chemical reactions nearly double with each 10oC rise in temperature.  Ground 
freezing inhibits chemical reactions and will work to preserve remains and materials, as 
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well as impede scavenger and faunal activity.  Oxygen levels are also highly influential to 
decay rates.  Finally, decomposition may be accelerated in porous, light soils and retarded 
in clay-like soils or deeper burials (Henderson 1987:45-47). 
Much of the human body consists of water, dissolved salts, proteins, 
carbohydrates, and lipids.  Only bones and teeth, which comprise approximately 7% of 
the human body, consist of durable mineralized tissues.  At the time of death, cells die 
and decay commences.  Putrefaction is a gradual transformation in which complex 
biological constituents of a body’s cells are converted into simpler molecules, mainly 
liquids, gases, and mineral salts (Chamberlain 2001:12-13).  The process of putrefaction 
begins immediately after death and is visible under normal conditions from 48-72 hours 
afterward.  The decay process is the result of both bacterial and enzymatic degradation 
(Janaway 1987:128).    Two kinds of bacteria are involved in putrefaction, those present 
at the time of death within the body, and secondary bacteria, which colonize in the 
cadaver from the surrounding environment.  Bacteria residing on the skin and in the 
digestive tract consume muscular, fatty, and connective tissues, as enzymes engage in 
autolysis to decompose proteins and fats.  Humic soils contain high concentrations of 
bacteria and other organisms that feed on decaying flesh.  At temperatures above 10oC, 
aerobic fungi can rapidly colonize a cadaver by secreting enzymes that slowly digest 
organic matter.  Animals called saprophages, which include several species of flies, 
beetles, snails, and worms, feed on decaying human flesh as well (Chamberlain 2001:13-
15).  Over time, the body and its surrounding context merge; boundaries of the body 
diverge by the deposition of materials, scavenging, and penetration of surrounding 
minerals, microbes, and sedimentation (Sorg and Haglund 2002:5). 
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The hydrolysis of body fat begins as soon as eight hours after death and may lead 
to the formation of adipocere, particularly in the case of buried or wrapped remains 
(Janaway 1987:132).  Adipocere is a waxy substance formed from the adipose tissue of a 
body in the presence of water and bacteria.  Adipose is composed of hydroxy fatty acids; 
the addition of water to the unsaturated double bond of the acid creates a saturated bond 
with increased covalent, ionic, and hydrogen bonds, and, consequently, increased 
stability (Pfeiffer et al. 1998).  Depending on the moisture and oxygen levels of the 
environment in which a body is buried, adipocere typically forms after approximately 
two months of decomposition, thereby delaying the deterioration rate of the body.  In the 
subtropical climate of Louisiana, cases studies have observed the development of 
adipocere in as little as two to three weeks (Manhein 1997:472).  The presence of 
adipocere can exist for over a hundred years in some cases (Pfeiffer et al. 1998).  
Adipocere may affect the preservation of textile material by delaying deterioration rates 
(Janaway 1987:132). 
Deterioration of Textiles 
All matter is subject to decay.  The second law of thermodynamics states that, in 
any spontaneous process, there will always be an increase in entropy in the universe, or in 
other words, order always declines into chaos (Zumdahl 1997:784).  Preservation of 
materials such as textiles may occur as well as deterioration, but in either case, the state 
of the materials depends on the nature of the material and the environment surrounding 
the material.  Decay is a result of both physical and chemical deterioration.  Physical 
deterioration corresponds to the breakdown of the structure of materials, whereas 
chemical deterioration corresponds to the alteration of the chemical composition of the 
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materials, such as deterioration caused by bacterial influence.  The preservation of 
materials may be a result either of an absence of all or only a few agents of decay, or the 
addition of agents that preserve (Cronyn 1996:14-15). 
A specific type of deterioration encountered by textiles is biodeterioration, which 
is decay caused by organisms, both by chemical and physical deterioration (Cronyn 
1996:241).  Organisms need some degree of water to thrive; therefore, they will not 
tolerate extreme desiccation, cold, or heat.  High levels of salt, copper, and certain 
complex organic chemicals used as biocides also limit many organisms.  Certain species 
of microorganisms have adapted to tolerate great extremes of pH, desiccation, or oxygen 
deprivation.  Most species of organisms can usually withstand a pH range of 4 units 
(Cronyn 1996:15).   
Textiles are most susceptible to fungi and bacteria.  Fungi are simple organisms 
usually found as long filaments of cells, known as hyphae.  Fungi deteriorate materials by 
secreting enzymes that break down the organic substrate into smaller chemical units, 
which can then be absorbed into the hyphae.  Hyphae are normally visible in the form of 
black particles, but may appear as brightly colored particles a well.  All fungi are aerobic 
and require a moisture level of at least 20% and an RH (relative humidity) of at least 
65%.  In general, fungi grow in more acidic conditions, but flourish at near neutral pH.  
Bacteria are single-celled entities only 1-2µm in size.  Bacteria also secrete enzymes and 
are largely aerobic.  Bacteria are inhibited by acidity, preferring a pH range of 6-8, and 
require an RH of at least 70% (Cronyn 1996:16-17). 
Water, oxygen, and acidity levels are three main factors that also induce physical 
and chemical damage on textiles and other materials.  Water may activate other agents of 
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decay and facilitates most chemical reactions, enabling organisms to flourish.  To say that 
a material has been hydrolyzed, such as adipose tissues and hydroxy fatty tissues that 
hydrolyze to form adipocere, means to be chemically broken down by water.  Oxygen 
acts as an oxidizing agent, which means that it facilitates the exchange of electrons in 
chemical reactions in an effort to achieve equilibrium.  The process of electron exchange 
is referred to as reduction and oxidation reactions, or redox reactions.  The presence or 
absence of oxygen conducts the basic behavior of organism activity, thus, plays a key, 
indirect role in the decay of materials.  Acidity, or the measure of H+ ions in relation to 
OH- ions, also conducts the proliferation and potency of fungal and bacterial activity.  
Acidity occurs when few bases are present in the soil.  Clay particles and humus are 
negatively charged.  When bases such as Ca2+, Mg2+, Na+, and K+ are not present, or at 
least not present in great amounts, the clay particles will be surrounded by H+ ions; 
therefore, pH will decrease and become more acidic.  The redox potential of a mixture 
such as soil is inversely related to the mixture’s pH (Cronyn 1996:18-19). 
In addition to examining the physical or chemical structure of a textile to assess 
decay, the state of the dyes used on textiles may also be examined.  Dyes are organic 
molecules that are either bonded onto fibers or simply deposited onto them.  In order for 
the bond between the fiber and the dye to take hold, the fiber molecule must possess a 
charge opposite to that of the dye molecule.  Protein fibers, but not cellulose fibers, have 
a charge in acidic or alkaline conditions; therefore, they may bond strongly to dyes.  
Cellulosic fibers bond more successfully with developed, or vat, dyes that are chemically 
precipitated into gaps in between the fibrils.  As textiles deteriorate, they may have a dull 
appearance as they lose their sheen.  Deteriorated textiles may also experience loss of 
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material and brittleness, a weakening of the weave structure, and may be subject to insect 
attack.  In wet deposits, dyes may become leached out, especially where pH doesn’t favor 
the bonding of the dye to the fibers of the specific textile (Cronyn 1996:285-286). 
The deterioration rate of textiles, or any other materials, can be difficult to judge 
because deterioration is rarely a linear process.  Observed changes in the properties of 
materials seldom proceed at a steady rate over time (Feller 1994).  Few studies have been 
conducted which specifically assess the deterioration rate of textiles. One such study is a 
test developed by the Defense Standards Laboratory of Australia to test for the functional 
strength of textiles.  The test consisted of burying textile samples of cotton duck treated 
with 0.95% pentachlorophenyl laurate in a matured compost of loam, grass clippings, and 
stable manure.  The samples were incubated for two weeks at 86oF and 95-100% RH.  At  
the end of the two weeks, the samples were collected, sterilized in methanol, and the 
breaking load was compared with unburied specimens.  Specificities of the observed 
decay were not provided by the study (Janaway 2002:387). 
To date, only five notable studies have been published that have explored 
specifically the deterioration rates of textiles in a forensic context.  Perhaps the reason 
that relatively few studies have been published about the deterioration of fabrics in such a 
context is because of the number of variables involved. Previous field research on the 
forensic application of textiles has formed a solid base for additional research, but is 
limited in scope.  Earlier studies focused largely on synthetic fibers (Morse and Dailey 
1985, Northrop and Rowe 1987, Singer and Rowe 1989), and the deterioration of textiles 
was gauged independently of decomposing tissue.  In the study by Northrop and Rowe 
(1987), sixteen textiles composed of man-made fibers were buried in a plastic garden pot 
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in uniform garden topsoil.  The fabric samples were examined on the first day of each 
month during a twelve-month period of study.  The pot was kept in a laboratory the entire 
length of the study and the ambient temperature and moisture level of the pot were kept 
constant.  Through microscopic analysis and pyrolysis-gas liquid chromatography (a 
chemical analysis), the researchers concluded that cellulose-based fabrics deteriorated 
first, showing signs of structural decomposition within two months.  The other types of 
fabrics exhibited no detectable deterioration by the end of the twelve-month study. 
In the study by Singer and Rowe (1989), six samples of man-made textiles were 
buried in three different plastic garden pots, each containing a different type of soil with 
varying levels of organic content: urban soil (pH 4.0, 4.6% organic content), agricultural 
soil (pH 5.7, 3.5% organic content), and “undisturbed” forest soil that had not been used 
previously for agricultural purposes (pH 3.9, 6% organic content).  Similar to Northrop 
and Rowe’s study, the pots were all regulated in a laboratory during a twelve-month 
period.  Microscopic analysis and pyrolysis-gas liquid chromatography were employed 
once again to examine the fabrics.  Rayon, a cellulose-based fabric, deteriorated first, 
with initial evidence of deterioration appearing after the first month in the urban and 
agricultural soils, and after the second month in the undisturbed forest soil.  Marked 
deterioration was evident in the rayon in all soil types by the fifth month.  Other 
cellulose-derived fabrics used in the study were observed to deteriorate at a faster rate.  
The researchers hypothesized that the rayon deteriorated the fastest because of the 
fabric’s higher moisture content.  Deterioration was reported to occur at different rates 
based on different soil types, but clear results were not presented depicting such.  
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However, one could infer that due to both its low pH and low organic content, 
deterioration occurred most rapidly in the urban soil.  
In 1960, the Experimental Earthworks Project began in Overton Down, Wiltshire, 
and in Wareham, Dorset, in Great Britain.  Overton consists of a chalk down, or alkaline 
soil, while Wareham is located in an acidic forested area with a high organic content.  
Each location consists of a linear bank and ditch with eight sets of buried materials.  The 
materials are to be recovered after intervals of 1, 2, 4, 8, 32, 64, and 128 years.  The 
experiment has progressed thus far through the 32-year increment.  The fabrics used in 
the study are plain cotton, cotton khaki treated with iron and chromium based dyes, 
woolen gabardine treated with iron and copper dyes, worsted wool treated with 
chromium mordant dye, linen, and leather.  The preliminary results indicate that the 
presence of metal ions retards deterioration by resisting microbial degradation.  
Cellulose-based fabrics decayed rapidly (Janaway 2002:391). 
The three studies described above, while detailing the effect of soil types on 
various fabrics, did not explore the tremendous influence of putrefactive tissue on the 
deterioration of textiles.  Rodriguez and Bass (1985) have noted that putrefactive changes 
in the human body produce a considerable amount of heat.  The added element of heat, as 
well as the insect activity that decaying tissue would draw, would accelerate the decay of 
fabrics in a forensic context, thus making the observation of the effect of deteriorating 
remains on the fabrics absolutely necessary.   
The field study conducted by Morse and Dailey (1985) is a slightly more 
comprehensive study than the three discussed above.  A series of nine trenches were 
made in soils of varying pH levels and organic contents, ranging from swampland to 
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pasture sod.  Each trench contained ten compartments of buried materials and each 
compartment was recovered at a different time interval ranging from 1 – 60 months.  
Each compartment contained fabrics, paper, leather, plastic, and human hair.  The various 
fabrics included were cotton treated with resin, rayon, triacetate, nylon, 33/66 
polyester/cotton, and acrylic.  Cotton was observed independently, whereas the other 
fabrics were buried with bones and processed hamburger meat.  No explanation was 
offered as to why the cotton was not included in observations with a simulated body.  As 
in the Singer and Rowe (1989) study, rayon was observed to undergo severe damage (25-
90%) within one month.  Cotton exhibited only mild (less than 5%) damage by the third 
month, whereas the polyester/cotton blend didn’t reach mild deterioration until the tenth 
month.  Polyester lasted the longest, with mild damage appearing only after 25 months. 
A study is underway at Bradford University (Janaway 2002:398) in Great Britain 
that examines fabric deterioration both with and without a decaying carcass.  Pig 
cadavers were used to simulate a decaying body.  Pigs are the most common choice for 
nonhuman animal proxies in models of taphonomic change due to their comparable mass, 
lack of fur, subcutaneous skin structure, and availability (Sorg and Haglund 2002:15).  In 
the Bradford experiment, three graves were dug, one burial containing fabric only (the 
control), one burial containing a pig with a long postmortem interval before burial (Pig 
A), and one burial containing a pig with a short postmortem interval before burial (Pig 
B).  The preliminary write-up of the study does not specify the exact interval for each pig.  
Textile samples of both natural and synthetic fabrics were placed directly above and 
below pigs and placed at an equivalent depth in the burial without a pig.  The burials 
were excavated after two years.  Pig B featured extensive adipocere, while Pig A, which 
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had been subjected to scavenging and a longer exposure period before burial, was largely 
skeletonized after the two-year period.  All fabrics associated with Pig B, including 
cotton, were better preserved than the fabrics associated with Pig A or in the control 
burial.  The reason offered for the preservation of materials associated with decaying 
tissue is that actively decomposing soft tissue forms a semi-liquid, anaerobic 
environment, which stifles general microbial development, thereby retarding textile 
degradation (Janaway 2002:398). 
The general consensus presented in the above studies is that it is not possible to 
produce simple predictive models for universally applicable decay rates.  Soil 
microenvironments, the presence of an actively decomposing body, and the effects of 
specific textile dyes and finishes influence deterioration rates in varying manners.  
Despite problems, however, well-controlled and well-replicated experiments are 
beginning to confirm some general trends in the deterioration rates of textiles that, when 
taken into account with other evidence, may assist forensic investigators in determining 
postmortem intervals.   
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CHAPTER 3: MATERIALS AND METHODS 
 The purpose of this study is to determine whether a correlation exists between the 
deterioration rates of various fabric types and the postmortem interval of forensic cases.  
This study employs a two-pronged approach to examine the deterioration of textiles.  In 
the early spring of 2002, research began with the examination of all forensic cases with 
associated clothing curated at the FACES Laboratory.  In June of 2002, an eight-month 
field project began in both Louisiana and Virginia.  Before the field research project 
began, I traveled to the Smithsonian Institute to research ancient textiles.  The 
examination of Egyptian and Peruvian mummies offered an historic perspective on the 
deterioration and preservation of textiles, in contrast to the two contemporary phases of 
my study.   
In the first phase of research, the FACES Lab research project, a total of 17 
forensic cases were examined.  None of the clothing had been treated previously with any 
solvents; rather, all clothing had been retrieved from recovery scenes, allowed to air-dry, 
and placed in storage after an initial examination.  Therefore, I was able to examine the 
condition of the fabrics as they were at the time of recovery.  The clothing of each case is 
stored separately from the associated skeletal remains; therefore, assessments of PMI 
were based solely on a visual evaluation of the fabric and not on skeletal evidence.  Also, 
the estimations were made without any previous knowledge of the history of the case, 
including the environment in which the decedent was found. 
 Only items of cotton, polyester/cotton blend, or polyester were examined; 
therefore, shoes, belts, and leather goods were not considered.  On some items, the tag on 
the clothing could still be read and exact fabric composition was recorded.  In cases 
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where no tag was present, an estimation was made as to the composition of the clothing 
based on its appearance, weave pattern, and texture.  As the items were examined, a 
number of reappearing characteristics presented themselves.  Insect activity, animal 
scavenging, the apparent fading of materials, as well as fraying patterns, the relative 
stiffness or fragility of the fabrics, and the presence or absence of adipocere were all 
characteristics on which a PMI estimation was based.  Once all of the clothing was 
examined and an estimation was made for each case, the official case files were then 
examined to evaluate the accuracy of the estimations. 
The second stage of this study, the field research project, was designed to take 
into account both the composition and type of fabric and the environmental factors listed 
previously.  Therefore, in order to limit the number of variables considered in the study, 
comparative analysis was limited to the decomposition of cotton and polyester only.  
Since the pattern of postmortem change varies regionally and among microenvironments  
(Ubelaker 1997:80), textiles were placed in two different microenvironments.  The 
decomposition rates of textiles were analyzed in the subtropical climate of Louisiana and 
the milder climate of Virginia.  The taphonomic effects of burial versus surface remains 
were examined, and, most importantly, the effect of fabric contact with decomposing 
tissue was considered as well.    
Seven tests in each geographic area (Baton Rouge, Louisiana, and Fredericksburg, 
Virginia) were conducted, for a total of fourteen groups.  With the permission of the 
Louisiana State Police, the field project was conducted at the LSP/LSU Training Facility 
and Farm, located approximately 12 miles south of LSU on Highway 30.  The study area 
is lightly wooded with moderate canopy coverage and a light leaf cover of approximately 
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one inch on the forest floor (Figure 3.1).  The Fredericksburg study was conducted in a 
private residential yard, which is also lightly wooded, but with a denser leaf cover of two 
to four inches on the forest floor (Figure 3.2).  Neither of the study areas had previously 
been used for agricultural purposes.  The Baton Rouge area, however, is exposed to 
grazing cows. 
The eight-month study included three time intervals of examination.  Therefore, 
each test site consisted of one surface specimen, three buried specimens (one for each 
interval) wrapped in cotton and polyester samples (Figure 3.3), and three fabric samples 
buried independent of decomposing tissue (Figure 3.4).  Pieces of polyester and cotton 
were also secured to stakes atop the surface of each buried specimen (Figure 3.5).  A 
metal cage securely fastened to the ground with foot-long tent spikes encased the surface 
specimen (Figure 3.6).  The cages were used in an effort to confine the fabrics to one 
location in case of animal scavenging.  The caged specimen and the six buried samples at 
each site were buried 18 inches deep and placed at least six feet apart to avoid cross 
contamination of the immediate surrounding soil.  Unused fabrics samples stored in a 
plastic grocery bag at room temperature served as the control group with which to base 
comparisons of deterioration.  Before use in the study, the polyester and cotton samples 
were washed twice to remove any excess processing chemicals or starches.  Two 
different, brightly colored fabrics were intentionally used to aid in the retrieval of the 
fabrics, but also to aid in forming an assessment of the degree of fading of the materials.  
The polyester samples were bright blue and the cotton samples were bright pink. 
 Butchered hogs were used to simulate a decaying body.  As previously noted, pigs 
are the most common choice for nonhuman animal proxies due to their comparable mass, 
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Figure 3. 1 Baton Rouge Field Project Site (01/15/03). 
 
 
Figure 3.2 Fredericksburg Field Project Site (01/13/03). 
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lack of fur, subcutaneous skin structure, and availability (Sorg and Haglund 2002:15).  
Shoulders and hams with the skin in tact were used at both sites, each piece weighing 
approximately 16-19 pounds.  The Baton Rouge specimens were obtained from a custom 
slaughterhouse in Plaquemine, LA.  The Fredericksburg specimens were purchased from 
a slaughterhouse and hog farm in Ashland, Virginia.  Due to Federal safety standards, the 
hogs had been exsanguinated before the time of purchase, meaning all blood had been 
drained from the carcasses.  Although exsanguination did not make the specimens ideal 
proxies for human cadavers, the specimens were still valid.   Previous research has found 
that dehydrated bodies decay more slowly (Chamberlain 2001:14).  Therefore, the 
exsanguination of the hogs may have slightly prolonged decomposition, but still 
simulated human cadavers. 
The project consisted of three time intervals.  Due to the complications of 
conducting a simultaneous study in two different regions of the country, the intervals of 
examination coincided with this researcher’s ability to travel between Virginia and 
Louisiana.  All the Louisiana samples were first set out on June 3, 2002, in Baton Rouge, 
and the Fredericksburg study began on June 12, 2002.  Ideally, the start date should have 
been closer than nine days; however, travel time and complications with purchasing the 
specimens delayed the Fredericksburg start date.  The first excavation occurred in mid 
August 2002, followed by the second in the beginning of December 2002, and, finally, 
the third excavation in mid January 2003.  The fabrics associated with the caged 
specimens were not retrieved until the final interval in January.  After the final recovery, 
appraisal of the fabrics was based on visual and microscopic assessments, comparing the 
field sample with the control sample of unused fabric.  
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Figure 3.3 Baton Rouge Pig Specimen (06/03/02). 
 
 
Figure 3.4 Fredericksburg Fabric Only Sample (06/12/02). 
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Figure 3.5 Baton Rouge Surface Fabric Sample (06/03/02). 
 
 
Figure 3.6 Fredericksburg Caged Specimen (06/12/02). 
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Soil samples were taken when the samples were first set out and when each 
sample was recovered. Under the direction of Dr. Wayne Hudnall, the Agronomy 
Department of Louisiana State University processed the soil samples.  The soil was tested 
for moisture level, pH, and traces of calcium, magnesium, phosphorus, potassium, and 
sodium measured in parts per million (ppm).  Results from the soil samples, which will 
be discussed later in greater detail, provided insight into the effects of soil environment 
on the deterioration rates of the fabrics. 
In addition to soil samples, temperature and precipitation data were also collected 
for each day of the experiment at both test sites.  Meteorological data were obtained from 
the Southern Regional Climate Center at LSU and the Southeast Regional Climate 
Center. 
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CHAPTER 4: RESULTS 
 
  
FACES Lab Research Project 
As the items of clothing were examined, various characteristics were assessed in 
the overall formation of a PMI estimate.  Items with extensive insect activity, series of 
small (1-2) mm holes as well as the presence of larva cases, were generally assessed to be 
associated with a longer PMI than items with little or no evidence of insect activity.  
Overall insect activity was judged on the percentage of the item’s surface area that 
featured evidence of activity.  Fading of the materials, as well as relative stiffness or 
fragility, was attributed to cases with longer perceived exposure to the elements.  
Polyester/cotton blends exhibited vertically aligned runs in the fabric and transparency, 
becoming more prevalent with increased deterioration.  The different types of fabric also 
exhibited different fraying patterns caused by animal activity.  Cottons frayed in a 
seemingly disordered, stringy, shredded fashion.  Polyester/cotton blends frayed in an 
orderly pattern; the weave structure of the materials exhibited a grid pattern that would 
lose one thread of the grid at a time by fraying.  Polyesters exhibited a mangled fraying; 
the fabrics featured no loose strings as with cotton fraying, rather the edge of the fabric 
appeared to be clumped.  A final characteristic that aided in forming a PMI estimate was 
the presence of adipocere on the clothes.  In relation to making a PMI estimate, the 
presence of adipocere was taken to represent an interval of at least two months.  The 
maximum end of the estimation was not affected by the presence of adipocere due to the 
extreme variation in the length of adipocere persistence.  Figure 4.1 displays a nylon 




Figure 4.1 Nylon Jacket, PMI 6 Months. 
 
Once all of the clothing curated at the FACES Lab was examined and a PMI 
estimation was made for each case, the official case files were then examined to evaluate 
the accuracy of the estimations.  PMIs listed in the case files were either based on 
positive identifications or on an assessment of skeletal material and other evidence.  PMI 
estimates for 14 of the 17 cases (82%) either spanned the same range or fell within the 
range of the actual case file PMI.  The interval length of these cases ranged from four 
months to multiple years.  Two of the estimates (12%) were slightly above the range of 
the actual PMI.  For each case, an estimate of two - four months had been made, when in 
actuality, case 16 had a PMI of two weeks - one month, and case 2, with a positive 
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identification, had an interval of one month and 20 days.  Only one estimate (6%) was 
completely off mark, falling well below the range of the actual PMI.  An estimate of four 
- six months for case 5 was made, but the actual PMI was about five years.  The most 
plausible explanation for inaccuracy in this estimate is that, although the PMI was five 
years, the clothing of the decedent did not feature the characteristics of a long range PMI.  
Only minimal fading had occurred on the decedent’s clothing, as well as only slight 
animal activity, no apparent adipocere, and minimal insect activity.  A review of the case 
file revealed that the decedent had been partially buried and wrapped in a sleeping bag.  
The partial burying would have minimized scavenger activity, and the presence of the 
sleeping bag would have protected the clothing from the deteriorative elements of the 
soil.  Therefore, for this particular case, an assessment based entirely on the clothing with 
no access to skeletal remains or recovery context, did not offer an accurate result as with 
the other examined cases.  A complete table of cases and observations of specific 
clothing items examined, as well as both estimate and actual PMIs for each examined 
case, can be found in Table 4.1. 
After the examination and estimation process, fabric samples from several of the 
cases were also examined microscopically to further gauge the deterioration over time of 
the textiles.  Under the direction of Dr. Margaret C. Henk of the Socolofsky Microscopy 
Center at LSU, both light micrograph and scanning electron microscope (SEM) photos 
were taken of cotton and polyester samples from both short-range and long-range PMIs.  
The light micrograph photos were taken using a Wild M-7 S dissecting stereomicroscope.  
Once the light micrograph photos were taken, a small portion of each sample was 
removed and prepared for the SEM. Each sample was attached to an SEM stub and  
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TABLE 4.1: FACES LAB CLOTHING 




cotton blend? Extensive apparent fading of sweatshirt, with 
vertical weaves stretching out and less 
interlocked. Neck, wrist and waistbands 
completely worn off, shirt in 7 separate pieces. 
Holes over 70% of shirt and sock surface. 
1 - 2 years Over 1 year 
2 running shoes, 
jogging 
shorts, sports 
bra, mesh top, 
socks 
poly/cot bra and 
socks, polyester  
shorts and top? 
Only 1 or 2 small holes (1-2mm) throughout, no 
running of material. Possible presence of 
adipocere. Minimal apparent fading, no signs of 
animal scavenging or presence of insect larva 
cases. 
2 - 4 months 1 month and 20 
days 











Adipocere on all, fabric quite stiff. Large holes 
of animal activity on shirt and pants with grid 
fraying on pants, mangled fray on shirt and 
underwear, and loose thread shredding on 
nylon. Small holes on 50-70% of all surfaces. 
Snail shell present on slacks. 
6 months 4 - 6 months 







Entire posterior of jeans shredded by animal 
activity. Holes over 10% of boxers, Few large 
holes on the socks. 
6 months 6 - 9 months 








shirt and socks, 
polyester jacket 
Minimal fading on tops, with no apparent 
adipocere. No animal activity and small holes 
covering 10% t-shirt. Slight animal activity and 
small holes on 70-80% of overshirt. No animal 
activity and holes on less than 10% of overshirt. 
Jeans shredded from animal activity - only 
pockets and part of waistband remaining. 
Heavyweight socks quite stiff, but little damage. 
No apparent larva cases throughout. 
4 - 6 months 5 years 
6 boxer shorts, 
tennis shoes 
50/50 poly/cot Completely torn apart on anterior with grid 
fraying. Small holes in a few areas where the 
fabric is stuck together by larva cases. Fabric 
stiff with vertical runs when held up to the light






TABLE 4.1 (CONTINUED) 
Case # Items Fabric Type Observed Level of Deterioration PMI Estimate PMI Actual 





cotton shorts and 
underwear 
Adipocere on shorts and underwear, all fabric 
quite stiff. Extensive animal activity and insect 
larva cases on shorts. Vertical runs and slight 
transparency on shirt when held up to the light, 
but small holes on less than 10% of shirt 
surface. Underwear still intact with few larva 
cases. 
6 months - 1 year 6 months - 1 
year 
8 possible shirt? poly/cot? Clothing incredibly fragile, falls apart as you 
pick it up. In an indeterminable heap of fabric 
clumps, extreme insect activity. 
multiple years, 
difficult to tell 
due to condition 
18 years 






jeans and socks 
Adipocere on coat with extensive fraying and 
animal activity. Fabric quite fragile with little 
insect activity. Jeans in tangled and frayed mass 
with only pockets and part of waistband 
remaining. 















Left side of t-shirt and undershirt shredded to 
the seams with larva cases present on both. 
Undershirt is threadbare, transparent when help 
up to the light. Some adipocere, fabric stiff but 
not brittle. Bicycle shorts exhibit considerable 
wear only in the pelvic region, both posterior 
and anterior - almost looks like fabric is cracked 
with small holes, but not completely open 
because slight web of thread holding holes 
together 
6 months - 1 year 6 - 14 months 











Colors on shirt still vibrant with holes covering 
10-15% surface. Some animal activity on shirt 
with both grid and mangled fraying. Matted 
grass and root clumps appear to be growing 
through the shirt with few larva cases present. 
Jeans and underwear in an almost 
undistinguishable frayed and tangled mass, only 
interior pockets and zipper fly of jeans and 
elastic waistband of underwear remain intact. 
6 months - 1 year Several months 
- 1 year 







Adipocere on all articles of clothing, especially 
pants. Extensive animal activity on pants and 
shirt, fabric quite fragile yet stiff. T-shirt almost 
entirely gone with few larva cases. 
2 - 4 months Minimum of 
several weeks - 
max of several 





TABLE 4.1 (CONTINUED) 









Little apparent fading of top with extensive 
animal activity on superior anterior torso and at 
the wrists, small holes over 20% of the surface. 
Lining has pocked, web-like appearance. Large 
(20cm) hole on back of shorts with minimal 
runs and holes other than adjacent to the large 
hole. 
6 months 6 months - 3 
years 
14 men's polo 
shirt 
100% cotton Blue stripe and red band almost entirely faded 
over 90% of the shirt, colors still vibrant under 
arms and on the right side - decedent most 
likely lying on right side. Tear on left front 
torso, uncertain as whether due to animal or 
wound, but most likely a knife wound. Back of 
shirt covered in small, dark, tightly curled hairs. 
Fabric very stiff with few larva cases. 
2 - 4 months 9 weeks (just 
over 2 months)







cotton jeans and 
underwear, 
polyester bra 
Extensive fading with adipocere on shirt and 
jeans, extensive animal activity. Small holes on 
80% of jeans and shirt surface and only 10-20% 
of bra and underwear surface 
1 year 1 year 






poly/cot for rest 
Fabric still moist from adipocere! Numerous 
larva cases and some live insects. Minimal 
carnivore activity on all, but mostly pants and 
undershirt 
2 - 4 months 2 weeks - 1 
month 
17 shred of fabric 
about 12cm X 
4 cm 
poly/cot ? Runs in fabric, edges are heavily frayed. Small 
and large holes covering 60% surface.                 
* only a shred of cloth is curated because the 
clothes and body were released to the family for 
burial 







coated with gold/palladium in an Edwards S-150 sputter coater, then viewed and 
photographed with a Cambridge S-260 Stereoscan SEM.   
The short-range polyester sample, with an actual PMI of one month and 20 days, 
was taken from the outer clothing associated with case 2.  The short-range cotton sample, 
with an actual PMI of nine weeks (just over two months), was taken from the polo shirt 
associated with case 14.   Both the long-range polyester and cotton samples, with a PMI 
of one year, were taken from the undergarments and outerwear associated with case 15.  
The light micrograph photos of the polyester samples display the progressive 
deterioration of polyester over time.  The short-range sample (Figure 4.2) exhibits tight 
bundle and weave structure, whereas the long-range sample (Figure 4.3) exhibits visible  
 




Figure 4.3 Light Micrograph Polyester, PMI 1 Year. 
 
gaps within the weave structure.  The SEM photos of the two polyester samples range 
from 100 – 1000x magnification and offer a dramatic display of differential deterioration.  
SEM photos of the short-range sample (Figures 4.4 and 4.5) display the smoothness of 
the polyester fibrils.  Some debris is present in between the bundles, as well as 
developing spore and fungal activity.  The long-range samples (Figures 4.6 and 4.7) 
depict fibrils that are still smooth and undisturbed; however, a greater inclusion of spores 
and even insect scales are present as well.  The light micrographs of the cotton samples 
also illustrate a progression of deterioration over time.  The short-range sample (Figure 
4.8) exhibits mild separation of the bundles in the weave structure, while the long-range  
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Figure 4.4 SEM Polyester, PMI 1 Month 20 Days – Fibrils. 
 
 




Figure 4.6 SEM Polyester, PMI 1 Year – Increased Spores. 
 
 




sample (Figure 4.9)  features greater vertical separation of the bundles and extensive 
fraying.  Microscopically, cotton fibers have loose strands, as opposed to the smoothness 
of polyester fibrils, which is evident in the SEM photos of the cotton samples.  The short-
range sample (Figures 4.10 and 4.11) features a tight weave and burgeoning spore 
development, whereas the long-range sample (Figures 4.12 and 4.13) features 
pronounced separation of the weave structure and the increased development of spores 
and other fungal activity.  As noted, the light micrograph and SEM photos were taken 
after the initial analysis for this study had been completed; therefore, they had no 
influence on my PMI estimations.  They are, though, excellent indicators of the 
deterioration over time of both cotton and polyester in as little as one year. 
 
Figure 4.8 Light Micrograph Cotton, PMI 2 Months. 
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Figure 4.9 Light Micrograph Cotton, PMI 1 Year. 
 
Based on the results of the FACES Lab research project, further research in the 
deterioration rates of fabric associated with decomposing remains was deemed necessary 
to see if the assessment of fabric deterioration is applicable to time intervals of two 
months or less.  As compared to the studies of Northrop and Rowe (1987) and Singer and 
Rowe (1989), the results of the FACES project detected visible deterioration of polyester 
in several months, whereas the mentioned studies noticed no deterioration during either 





Figure 4.10 SEM Cotton, PMI 2 Months – Strands. 
 
 
Figure 4.11 SEM Cotton, PMI 2 Months – Spore Development. 
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Figure 4.12 SEM Cotton, PMI 1 Year – Weave Separation. 
 
 
Figure 4.13 SEM Cotton, PMI 1 Year – Increased Spore Development. 
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Field Research Project 
 Several variables were crucial to the analysis of my field research project, namely 
the recovery of the samples, microscopic analysis of the materials, and examination of 
the soil test results and meteorological data for each test group in each location, Baton 
Rouge, Louisiana, and Fredericksburg, Virginia.  As noted, the field project spanned 
eight months, with seven test groups at each location that were retrieved over three 
different time intervals.  The test groups at each location that include a pig specimen are 
named as follows: Pig I, Pig II, Pig III, and the Caged Specimen.  Pigs I-III were the 
buried samples.  The test groups at each location that included only buried fabrics are 
named as follows: Fabric I, Fabric II, and Fabric III.  I will discuss each interval and the 
variables associated with it in order.   
Interval I – Fredericksburg 
 The first specimens were excavated on August 9, 2002.  The specimens were 
originally buried on June 12, 2002; therefore, they had a PMI of nearly two months.  
During excavation, the soil was dry and granular.  Pig I had mild adipocere development, 
yet some hide was still present and the carcass still retained some solid form, rather than 
just an amorphous mass of adipocere.   
The samples were collected, placed in labeled, Ziploc bags, and transported to 
Baton Rouge.  Once in Baton Rouge, the samples were allowed to air dry on trays placed 
under the fume hood in the forensic lab in the Howe-Russell Geoscience Complex.  After 
two – three days, the samples were stored separately in paper bags; the samples with no 
adipocere were stored at room temperature in the forensic lab, whereas, the samples 
associated with Pig I were stored in a cooler due to their pungent odor.  The samples were 
 40
then untouched for the next five months until the rest of the samples were collected, 
stored, and eventually examined microscopically.  The process outlined above for the 
retrieval, drying and storing of the fabric materials was repeated for all the subsequent 
specimens from each field location. 
 Once all the specimens had been retrieved, I began the microscopic analysis of the 
cotton and polyester samples in early February of 2003.  A Zeiss Stomis VII refracting 
microscope with a 1.0x lens at 6.6x magnification and hand-held light source was used to 
examine the materials.  Before the Pig I materials could be examined, excess adipocere, 
skin tissue, and dirt remains first had to be removed so that the fibers would be visible 
under the microscope.  Materials were cleaned by manually crumbling off the 
decomposing tissue and burial residues.  All other samples associated with decomposing 
tissue had to be cleaned before microscopic examination as well.  While cleaning the 
fabrics, I noticed that skin tissue, as well as adipocere, was present on the Pig I samples.  
The skin pulled off in strips and flakes from the polyester, yet had almost seeped into the 
cotton sample and was too gummy to fully remove.   
 Microscopically, it is evident that both the polyester and cotton fabrics are 
constructed in a basket weave, which allowed a more direct comparison between the two 
fabric types.  The control samples were first examined to have an example on which to 
base a determination of the progression of textile deterioration.  The polyester control 
sample featured a tight weave structure, with no loose strands, and shiny fibrils.  The 
cotton control sample also featured a tight weave structure.  Loose stands were associated 
with about 50% of the bundles.  The cotton also exhibited shiny fibrils. 
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Microscopic examinations of the fabric were made to gauge the level of fabric 
deterioration beyond merely a visual assessment.  Based on a number of factors, namely, 
the presence or absence of gaps in the weave structure, the retention of dye, the tightness 
of fibril bundles, transparency, tensile strength, and the disintegration, if any of the 
material, the deterioration of the fabric samples was assessed as one of seven levels of 
deterioration: none, slight, minimal, moderate, pronounced, severe, or complete 
deterioration.    
The polyester samples from Interval I suffered little change from the control 
sample.  The Pig I sample and the Fabric I sample each changed only slightly from the 
control and the surface fabric experienced no change.  All three cotton samples from 
Interval I featured minimal deterioration.  A detailed list of observations of the fabric 
deterioration, as well as assessments of the level of deterioration for all the study samples 
can be found in Table 4.2. 
 When the samples were set out in June, the moisture level of the soil in the Pig I 
hole was 12.1% and the pH was a mildly acidic 5.1.  Upon retrieval, the soil moisture 
was 19.5%, with pH 4.9.  The original soil moisture for the Fabric I hole was 12.3%, with 
pH 4.7.  Upon retrieval, the soil moisture was 15.4%, with pH 5.1.  The complete list of 
soil sample results for both Baton Rouge and Fredericksburg are located in Tables 4.3 
and 4.4, respectively.  During the first interval in Fredericksburg, the average mean 
temperature was 77.9oF, with an average maximum temperature of 89.4oF, and average 
minimum temperature of 66.4oF, and average high humidity of 84.5%, and only 3.5  
inches of rain.  Condensed lists of both Baton Rouge and Fredericksburg meteorological 
average data are located in Tables 4.5 and 4.6, respectively.  Complete lists of daily 
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TABLE 4.2: MICROSCOPIC EVALUATION OF ALL FIELD SAMPLES 
Sample Location Fabric PMI Observations Deterioration 
Pig I FBRG polyester ~ 2 mos inclusion of clay particles and burial 
residues 
slight change from 
control 
Pig I FBRG cotton ~ 2 mos adipocere appeared to coat the fibrils, 
infusion of clay particles, break down of 
weave near edges of fabric causing 
increased transparency, areas of complete 
dye loss 
minimal deterioration
Fabric I FBRG polyester ~ 2 mos minimal fading, matte finish, pliable slight change from 
control 
Fabric I FBRG cotton ~ 2 mos minimal fading, pliable, high tensile 
strength, small gaps in weave structure 
minimal deterioration
Surface I FBRG polyester ~ 2 mos pliable, no fading or loss of finish no change from 
control 
Surface I FBRG cotton ~ 2 mos stiff, but not fragile, minimal fading, small-
medium sized holes in weave structure 
minimal deterioration
Pig I BR polyester 2 mos 10 days granules of adipocere, tight weave structure slight change from 
control 
Pig I BR cotton 2 mos 10 days thick coating of adipocere, tight bundles, 
but occasional loose strands, weave 
structure broken down by entire bundles 





Fabric I BR polyester 2 mos 10 days stiff, minimal fading, matte finish slight change from 
control 
Fabric I BR cotton 2 mos 10 days brittle, low tensile strength, minimal fading, 
10% disintegration, medium-large sized 
gaps throughout weave structure 
moderate 
deterioration 
Surface I BR polyester 2 mos 10 days pliable, no fading or loss of finish no change from 
control 
Surface I  BR cotton 2 mos 10 days stiff, fragile, low tensile strength, extensive 
stringy fraying around edges, medium-
large sized gaps in weave structure 
minimal -moderate 
deterioration 
Pig II FBRG polyester 5 mos 3 wks slight disturbance of bundles but no loose 
strands, inclusion of clay particles and 
adipocere, minimal fading 
minimal deterioration
Pig II FBRG cotton 5 mos 3 wks thick coating of adipocere, inclusion of clay 
particles and hyphae, loose strands 
associated with 75% of bundles, 
breakdown of weave at borders, dye 
remaining only on end of fabric that was 
not in direct contact with adipocere 
moderate 
deterioration 




TABLE 4.2 (CONTINUED) 
Sample Location Fabric PMI Observations Deterioration 
Fabric II FBRG cotton 5 mos 3 wks stiff, low tensile strength, small-medium 
sized gaps through most of weave structure, 
moderate fading, 10%disintegration 
moderate 
deterioration 
Surface II FBRG polyester 5 mos 3 wks stiff, slight fading slight change from 
control 
Surface II FBRG cotton 5 mos 3 wks stiff, medium tensile strength, loose strands 
as well as medium-large sized gaps in 
weave structure, pronounced fading 
minimal - moderate 
deterioration 
Pig II BR polyester ~ 6 mos some loosening of the bundles, granules of 
adipocere within the bundles 
slight change from 
control 
Pig II BR cotton ~ 6 mos complete loss of dye, increased 




Fabric II BR polyester ~ 6 mos stiff, slight fading, loss of finish slight change from 
control 
Fabric II BR cotton ~ 6 mos approximately 90% disintegration, 
extensive fading, large gaps in weave, 
brittle 
severe deterioration 
Surface II BR polyester ~ 6 mos stiff, pronounced fading slight change from 
control 
Surface II BR cotton ~ 6 mos approximately 50% deterioration, brittle, 
little tensile strength, pronounced fading 
pronounced 
deterioration 
Pig III FBRG polyester ~ 7 mos loosening of bundles, thicker coating of 
adipocere and clay particles 
minimal deterioration
Pig III FBRG cotton ~ 7 mos almost complete loss of dye, overall 
loosening of weave structure, thicker 
coating of adipocere than previous sample 
moderate 
deterioration 
Fabric III FBRG polyester ~ 7 mos mild discoloration and loss of finish slight change from 
control 
Fabric III FBRG cotton ~ 7 mos approximately 60% disintegrated, gaps 
separating entire bundles both vertically and 
horizontally, brittle, low tensile strength 
pronounced - severe 
deterioration 
Caged FBRG polyester ~ 7 mos fraying around edges, pulls in fabric, animal 
scavenging, presence of larva cases, 
webbing and teeth marks, stiff 
minimal - moderate 
deterioration 
Caged FBRG cotton ~ 7 mos dried tissue flakes and fine hairs present, 
stiff, medium tensile strength, small gaps 
throughout weave structure, variable fading 
minimal - moderate 
deterioration 
Surface III FBRG polyester ~ 7 mos stiff, inclusion of clay particles slight change from 
control 
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TABLE 4.2 (CONTINUED) 
Sample Location Fabric PMI Observations Deterioration 
Surface III FBRG cotton ~ 7 mos considerable fading, medium-large sized 
gaps in weave structure 
minimal - moderate 
deterioration 
Pig III BR polyester 7 mos 12 days a few loosened fibrils, inclusion of 
adipocere and dirt particles 
slight - minimal 
deterioration 
Pig III BR cotton 7 mos 12 days complete loss of dye, larger inclusion of dirt 
particles and an increased proportion of 





Fabric III BR polyester 7 mos 12 days stiff, minimal fading, loss of finish minimal deterioration
Fabric III BR cotton 7 mos 12 days 100% disintegration complete 
deterioration 
Caged BR polyester 7 mos 12 days pliable, no fraying, grass stains, presence of 
larva cases and root activity 
minimal - moderate 
deterioration 
Caged BR cotton 7 mos 12 days could not locate N/A 
Surface III BR polyester 7 mos 12 days stiff, pronounced fading, disturbance of 
bundles near root activity 
moderate 
deterioration 
Surface III BR cotton 7 mos 12 days 80-90% disintegrated, brittle fragmented 
clumps held together by threads alone, 




meteorological data for both Baton Rouge and Fredericksburg are located in the 
Appendices A and B, respectively. 
 
TABLE 4.3: BATON ROUGE SOIL SAMPLES 
Sample  Moisture % pH Ca (ppm) Mg (ppm) P (ppm) K (ppm) Na (ppm) 
BR Pig I, before burial 29.1% 6.2 5849.7 1782.7 83.2 477.1 512.0 
BR Pig I 41.7% 4.9 5733.7 1511.2 272.7 658.0 402.4 
BR Fabric I, before burial 28.0% 6.5 6088.5 1817.2 69.5 454.7 565.3 
BR Fabric I 36.6% 5.9 5650.9 1692.3 93.3 508.5 353.1 
BR Pig II, before burial 28.5% 5.7 5514.6 1709.9 139.6 527.6 478.5 
BR Pig II 44.1% 8.1 2916.3 906.3 265.3 607.9 234.4 
BR, Fabric II, before burial 28.5% 5.8 6270.5 1818.9 82.1 466.8 425.8 
BR Fabric II 44.2% 6.2 4988.6 1426.6 108.5 431.6 238.4 
BR Pig III, before burial 29.4% 6.8 6022.4 1815.3 113.4 484.0 577.1 
BR Pig III 40.1% 7.5 4223.5 1345.7 174.8 431.7 327.3 
BR Fabric III, before burial 29.9% 6.0 5614.0 1691.9 81.4 458.5 447.9 
BR Fabric III 45.6% 5.9 5264.9 1574.3 89.2 358.1 307.7 
Average 35.5% 6.3 5344.8 1591.0 131.1 488.7 405.8 
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TABLE 4.4: FREDERICKSBURG SOIL SAMPLES 
Sample  Moisture % pH Ca (ppm) Mg (ppm) P (ppm) K (ppm) Na (ppm)
FBRG Pig I, before burial 12.1% 5.1 156.7 68.1 3.2 40.4 8.8 
FBRG Pig I 19.5% 4.9 310.4 116.6 162.8 239.9 43.8 
FBRG Fabric I, before burial 12.3% 4.7 169.4 70.8 4.6 66.1 13.4 
FBRG Fabric I 15.4% 5.1 269.8 84.3 5.7 81.8 15.4 
FBRG Pig II, before burial 15.4% 5.1 196.4 116.4 4.2 69.4 11.8 
FBRG Pig II 20.2% 5.3 163.1 98.5 6.8 76.1 19.6 
FBRG Fabric II, before burial 16.7% 5.2 264.9 145.5 2.8 76.5 12.9 
FBRG Fabric II 18.2% 6.4 98.4 63.1 66.3 124.6 36.9 
FBRG Pig III, before burial 22.0% 5.2 255.3 198.4 2.6 72.9 12.0 
FBRG Pig III 34.1% 8.4 118.1 112.2 272.6 282.1 95.2 
FBRG Fabric III, before burial 19.6% 4.9 199.9 149.3 4.2 77.4 14.1 
FBRG Fabric III 22.4% 5.1 147.0 112.6 4.8 83.7 23.2 
Average 19.0% 5.4 195.8 111.3 45.0 107.6 25.6 
 
TABLE 4.5: BATON ROUGE METEOROLOGICAL DATA 
Interval I: 06/03/02 - 08/12/02 
Avg Mean Temp (F) Avg Max Temp (F) Avg Min Temp (F) Avg Humidity High (%) Total Precip (in) 
80.7 90.4 71.0 97.0 10.1 
Interval II: 06/03/02 - 12/04/02 
Avg Mean Temp (F) Avg Max Temp (F) Avg Min Temp (F) Avg Humidity High (%) Total Precip (in) 
74.7 84.0 65.5 95.7 34.0 
Interval III: 06/03/02 - 01/15/03 
Avg Mean Temp (F) Avg Max Temp (F) Avg Min Temp (F) Avg Humidity High (%) Total Precip (in) 
70.5 80.1 61.0 94.6 38.4 
     
     
TABLE 4.6: FREDERICKSBURG METEOROLOGICAL DATA 
Interval I: 06/12/02 - 08/09/02 
Avg Mean Temp (F) Avg Max Temp (F) Avg Min Temp (F) Avg Humidity High (%) Total Precip (in) 
77.9 89.4 66.4 84.5 3.9 
Interval II: 06/12/02 - 12/01/02 
Avg Mean Temp (F) Avg Max Temp (F) Avg Min Temp (F) Avg Humidity High (%) Total Precip (in) 
67.3 78.2 56.5 84.3 19.6 
Interval III: 06/12/02 - 01/13/03 
Avg Mean Temp (F) Avg Max Temp (F) Avg Min Temp (F) Avg Humidity High (%) Total Precip (in) 





Interval I – Baton Rouge: 
 The first specimens were retrieved on August 18, 2002.  The specimens were 
originally buried on June 3, 2002; therefore, they had a PMI of two months and ten days.  
During excavation, the soil was quite moist and plastic-like.  The Pig I specimen had 
developed a large portion of adipocere, much more so than the Fredericksburg Pig I 
sample.  When cleaning the fabrics in preparation for microscopic examination, the Pig I 
polyester sample included skin tissue that could be peeled off in small strips, similar to 
the corresponding Fredericksburg sample.  The cotton sample also included a mix of 
adipocere and skin tissue.  In areas where the cotton had folded and doubled over, the 
sample appeared to be better preserved.   
 Microscopically, the Baton Rouge polyester samples fared the same as the 
Fredericksburg polyester samples, with only slight deterioration of the Pig I and Fabric I 
samples, and no change in the surface sample.  The cotton suffered more deterioration 
than the comparable Fredericksburg samples, especially in the Fabric I sample, which had 
already undergone 10% disintegration.  The surface fabric approached a moderate level 
of deterioration, as compared to the minimal deterioration of the Fredericksburg sample.
 When the samples were set out in June, the moisture level of the soil in the Pig I 
hole was 29.1% and the pH was an almost neutral 6.2.  Upon retrieval, the soil moisture 
was 41.7%, with a more acidic pH value of 4.9.  The original soil moisture for the Fabric 
I hole was 28%, with pH 6.5.  Upon retrieval, the soil moisture was 36.6%, with pH 5.9.  
As compared to the Fredericksburg soil data, Baton Rouge soil was over twice as moist, 
yet slightly less acidic than the Fredericksburg soil.  During the first interval in Baton 
Rouge, the average mean temperature was 80.7oF, with an average maximum temperature 
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of 90.4oF, an average minimum temperature of 71oF, an average high humidity of 97%, 
and 10.1 inches of rain.  As evidenced in Table 4.7, the temperatures in Baton Rouge 
were slightly warmer than those in Fredericksburg; however, Baton Rouge was much 
more humid and received almost three times as much rain as Fredericksburg.  The 
dramatic increase in moisture is most likely responsible for the increased deterioration 
experienced by the Baton Rouge samples as opposed to the Fredericksburg samples. 
TABLE 4.7: INTERVAL I RESULTS 
Sample Location Fabric Deterioration Mean Temp (F) pH Range Moisture Range % Total Precip (in)
Pig I FBRG poly slight 77.9 4.9-5.1 12.1-19.5 3.9 
Pig I FBRG cotton minimal 77.9 4.9-5.1 12.1-19.5 3.9 
Fabric I FBRG poly slight 77.9 4.7-5.1 12.3-15.4 3.9 
Fabric I FBRG cotton minimal 77.9 4.7-5.1 12.3-15.4 3.9 
Surface I FBRG poly no change 77.9 N/A N/A 3.9 
Surface I FBRG cotton minimal 77.9 N/A N/A 3.9 
Pig I BR poly slight 80.7 4.9-6.2 29.1-41.7 10.1 
Pig I BR cotton minimal 80.7 4.9-6.2 29.1-41.7 10.1 
Fabric I BR poly slight 80.7 5.9-6.5 28.0-36.6 10.1 
Fabric I BR cotton moderate 80.7 5.9-6.5 28.0-36.6 10.1 
Surface I BR poly no change 80.7 N/A N/A 10.1 
Surface I BR cotton min-moderate 80.7 N/A N/A 10.1 
 
Interval II – Fredericksburg 
 The second samples were excavated on December 1, 2002; therefore, the second 
interval had a PMI of approximately five months and three weeks.  The soil was damp, 
yet still granular.  The Pig II specimen had developed extensive adipocere, but the carcass 
still retained some of its original shape.   
 Microscopically, the polyester samples differentiated slightly from the Interval I 
samples.  The Pig II polyester exhibited minimal deterioration, while the Fabric II and 
surface polyester samples featured only a slight change from the control.  The cotton had 
progressed beyond the deterioration levels of the Interval I samples as well.  The Pig II 
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sample exhibited the growth of hyphae and the Fabric II sample had undergone about 
10% disintegration, similar to the Baton Rouge cotton Fabric I sample.  The surface 
cotton had progressed to moderate deterioration.  
  When the samples were set out in June, the moisture level of the soil in the Pig II 
hole was 15.4% and the pH was a mildly acidic 5.1.  Upon retrieval, the soil moisture 
was 20.2%, with pH 5.3.  The original soil moisture for the Fabric II hole was 16.7%, 
with pH 5.2.  Upon retrieval, the soil moisture was 18.2%, with an almost neutral pH 
value of 6.4.  During the second interval in Fredericksburg, the average mean temperature 
was 67.3oF, with an average maximum temperature of 78.2oF, an average minimum 
temperature of 56.5oF, an average high humidity of 84.3%, and 19.6 inches of rain.  The 
level of precipitation had increased dramatically from the only 3.9 inches of rainfall 
during the first interval.  The temperature had dropped about 10oF, on average, yet the 
average high humidity remained almost constant in relation to the first interval. 
Interval II – Baton Rouge 
 The samples were retrieved on December 4, 2002; therefore, they had an 
approximate PMI of six months.  The soil was completely saturated, and at times, I 
shoveled through water.  The Pig II specimen had been reduced to bones and adipocere; 
no semblance of the carcass remained.  When cleaning the fabrics in preparation for 
microscopic examination, the adipocere crumbled off in a cloud of dust.  No skin tissue 
remained, as with the Fredericksburg sample.  Extreme caution had to be exercised when 
cleaning the cotton otherwise the fabric would tear.  Adipocere also crumbled off in a 
cloud of dust, as with the polyester.   
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 Microscopically, all the polyester samples featured only slight change from the 
control sample; therefore, little, if any progression in deterioration from the Interval I 
samples had occurred.  The cotton samples had suffered a much greater level of 
deterioration, especially the Fabric II sample, which had undergone approximately 90% 
disintegration.  This compared to only 10% disintegration of the Fredericksburg Fabric II 
cotton.  The Baton Rouge surface fabric had disintegrated by nearly 50%. 
 When the samples were set out in June, the moisture level of the soil in the Pig II 
hole was 28.5% with pH 5.7.  Upon retrieval, the soil moisture was 44.1%, with a slightly 
basic pH value of 8.1.  The original soil moisture for the Fabric II hole was 28.5%, with 
pH 5.8.  Upon retrieval, the soil moisture was 44.2%, with pH 6.2.  As compared to the 
Fredericksburg soil data, Baton Rouge soil was over twice as moist at the time of 
retrieval, yet slightly less acidic than the Fredericksburg soil.  Similar to the 
Fredericksburg results, the pH of both the Pig II and Fabric II samples increased (became 
less acidic) during the burial interval.  Results from the first interval did not exhibit an 
increase in pH, rather a slight decrease in both locations.  During the second interval in 
Baton Rouge, the average mean temperature was 74.7oF, with an average maximum 
temperature of 84oF, an average minimum temperature of 65.5oF, an average high 
humidity of 95.7%, and 34 inches of rain.  As evidenced in Table 4.8, the temperatures in 
Baton Rouge were on average only 6-9oF warmer than those in Fredericksburg; however, 
Baton Rouge was much more humid and received almost double the amount of rain as 
Fredericksburg.  The increased exposure to moisture is most likely responsible for the 
increased rate of deterioration exhibited by the Baton Rouge samples as opposed to the 
Fredericksburg samples. 
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TABLE 4.8: INTERVAL II RESULTS 
Sample Location Fabric Deterioration Mean Temp (F) pH Range Moisture Range % Total Precip (in)
Pig II FBRG poly minimal 67.3 5.1-5.3 15.4-20.2 19.6 
Pig II FBRG cotton moderate 67.3 5.1-5.3 15.4-20.2 19.6 
Fabric II FBRG poly slight 67.3 5.2-6.4 16.7-18.2 19.6 
Fabric II FBRG cotton moderate 67.3 5.2-6.4 16.7-18.2 19.6 
Surface II FBRG poly slight 67.3 N/A N/A 19.6 
Surface II FBRG cotton min-moderate 67.3 N/A N/A 19.6 
Pig II BR poly slight 74.7 5.7-8.1 28.5-44.1 34.0 
Pig II BR cotton mod-pron 74.7 5.7-8.1 28.5-44.1 34.0 
Fabric II BR poly slight 74.7 5.8-6.2 28.5-44.2 34.0 
Fabric II BR cotton severe 74.7 5.8-6.2 28.5-44.2 34.0 
Surface II BR poly slight 74.7 N/A N/A 34.0 
Surface II BR cotton pronounced 74.7 N/A N/A 34.0 
 
Interval III – Fredericksburg 
 The samples were excavated on January 13, 2003; therefore, they had an 
approximate PMI of seven months.  The Pig III specimen featured extensive adipocere; 
no hide or carcass remained.  The Pig III polyester samples appeared in fairly good 
condition; however, the cotton sample, although relatively sturdy as well, had lost all dye.  
The Fabric III polyester suffered no apparent change, as opposed to the Fabric III cotton 
sample, which remained in pieces adhered to soil.  Both the surface polyester and cotton 
samples were frozen.   
 At the end of the third interval, the caged specimens were retrieved as well.  The 
caged surface fabrics had been pulled from the cage by scavenger activity as early as late 
June.  The specimen had not decayed entirely by the time of separation from the fabrics; 
the scapula and proximal humerus were visible, but a large portion of hide remained.  
The fabrics remained outside of the cage for the remainder of the interval.  Both the 
cotton and polyester samples were left next to each other, less than five feet from the 
cage.  At the time of retrieval, the caged fabrics were beneath two – three inches of leaves 
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and were frozen.  Webbing and larva cases from insect activity were apparent on both the 
samples. 
 Microscopically, the polyester samples progressed little, if any, beyond the level 
of deterioration of the Interval II samples.  The polyester associated with the caged 
specimen had deteriorated the most of the polyester samples, exhibiting minimal –
moderate deterioration.  The cotton samples differentiated widely from each other, 
ranging from minimal to nearly severe levels of deterioration.  The caged and surface 
fabrics exhibited the least amount of deterioration, while the Pig III sample featured 
almost a complete loss of dye and the Fabric III sample had disintegrated by 
approximately 60%.   
 When the samples were set out in June, the moisture level of the soil in the Pig III 
hole was 22% with a mildly acidic pH value of 5.2.  Upon retrieval, the soil moisture was 
34.1%, with a slightly basic pH value of 8.4.  The Pig III hole was by far the moistest of 
all the Fredericksburg samples, and was the only sample with a basic pH.  The original 
soil moisture for the Fabric III hole was 19.6%, with pH 4.9.  Upon retrieval, the soil 
moisture was 22.4%, with pH 5.1.  Similar to the second interval results, the pH of both 
the Pig II and Fabric II samples increased (became less acidic) during the burial interval.   
During the third interval in Fredericksburg, the duration of the field project, the average 
mean temperature was 61oF, with an average maximum temperature of 71.6oF, an 
average minimum temperature of 50.4oF, an average high humidity of 82.4%, and 24.9 




Interval III – Baton Rouge 
 The final samples of the field project were retrieved on January 15, 2003; 
therefore, the samples had an approximate PMI of seven months and 12 days.  Similar to 
the second interval excavation, the soil was waterlogged and at times the excavation took 
place in standing water.  The Pig III specimen was in standing water and had been 
reduced entirely to adipocere.  Both the Pig III polyester and cotton appeared to be in 
relatively good structural condition; however, the cotton had lost almost all its dye.  
Although also in standing water, the Fabric III polyester appeared to have suffered little 
deterioration.  In stark contrast, the Fabric III cotton sample had disintegrated entirely.  
All the excavated soil was sifted through; the excavation continued several inches below 
where the polyester sample was located; however, no traces of the cotton sample were 
recovered.  The surface polyester endured little deterioration, whereas, the surface cotton 
was incredibly weak and had to be peeled off the stake. 
 The caged specimen was also retrieved during the recovery of the other remaining 
samples.  When the samples from the first interval were excavated in August, the caged 
specimen had completely decomposed by that point; leaving only bones, and the 
associated fabrics had been pulled out of the cage by scavenger activity.  The polyester 
sample was within 20 feet of the cage and the cotton sample had been pulled much 
farther away, at least 80 feet from the cage.  Only the polyester sample was retrieved at 
the end of the third interval because the cotton sample could not be located.  An 
approximately 100 feet perimeter was searched around the cage, yet the cotton was not 
found.  Two weeks later, the area was searched again; scanning a radius of 50-100 yards 
from the caged specimen, but the cotton sample was not located.  The ground was 
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covered by approximately one – two inches of leaves, and in places, standing water had 
formed shallow pools under the leaves.  The cotton sample is believed to either be located 
under the leaves in a pool, or a scavenger could have dragged it off.  Either way, location 
of the sample is unknown. 
 Microscopically, among the polyester samples, only the surface samples had 
progressed to moderate deterioration, the other samples suffered only slight – minimal 
deterioration.  As noted, among the cotton samples, the Fabric III sample underwent the 
most extreme deterioration because it had disintegrated entirely.  The remaining cotton 
samples exhibited moderate – severe deterioration; the Pig III sample suffered a complete 
loss of dye and the surface fabric had disintegrated by approximately 80-90%.   
 When the samples were set out in June, the moisture level of the soil in the Pig III 
hole was 29.4% with a nearly neutral pH value of 6.8.  Upon retrieval, the soil moisture 
was 40.1%, with pH 7.5.  The original soil moisture for the Fabric III hole was 29.9%, 
with pH 6.  Upon retrieval, the soil moisture was 45.6%, with pH 5.9.  The soil associated 
with the Fabric III sample was the moistest.  As compared to the Fredericksburg soil data, 
Baton Rouge soil was considerably moister at both the beginning of the interval and at 
the time of retrieval.  The soil with Baton Rouge Fabric III was over twice as moist as the 
Fredericksburg soil.  Similar to the Fredericksburg results, the pH of the Pig III sample 
increased during the burial interval, though the increase was more dramatic in the 
Fredericksburg sample.  In contrast to the Fredericksburg sample and the second interval 
Baton Rouge sample, the third interval Baton Rouge sample increased in acidity.  During 
the third interval in Baton Rouge, the duration of the field project, the average mean 
temperature was 70.5oF, with an average maximum temperature of 80.1oF, an average 
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minimum temperature of 61oF, an average high humidity of 94.6%, and 38.4 inches of 
rain.  The temperatures in Baton Rouge were on average 10oF warmer than those in 
Fredericksburg; however, Baton Rouge was more humid by over 12% and received an 
additional 13.5 inches of precipitation.  Comparative results of the two locations are 
located in Table 4.9. 
 After initial visual and microscopic assessments were made for all the samples, 
SEM and light micrograph photos were taken of some of the samples.  Figure 4.14 
displays the undisturbed bundles of the cotton control sample.  In comparison, Figures 
4.15 and 4.16, respectively, display the development of gaps in the weave structure and 
the inclusion of clay particles of the Fabric II samples.  The light micrograph of the Baton 
Rouge Fabric II cotton sample also displays the weakening of the weave structure (Figure 
4.17).  The SEM photos of the Pig II cotton samples show the differentiation between the 
granular adipocere inclusions in the Baton Rouge sample, as compared to the coating of 
adipocere on the fibrils exhibited by the Fredericksburg sample (Figures 4.18 and 4.19, 
respectively).  The light micrograph of the Fredericksburg Pig II sample displays the loss 
of dye suffered in the presence of adipocere by the cotton sample (Figure 4.20). 
 Figure 4.21 displays the undisturbed bundles of the polyester control sample.  By 
the end of Interval III, deterioration is visible in the Pig III samples at both locations; 







TABLE 4.9: INTERVAL III RESULTS 
Sample Location Fabric Deterioration Mean Temp (F) pH Range Moisture Range % Total Precip (in)
Pig III FBRG poly minimal 61.0 5.2-8.4 22.0-34.1 24.9 
Pig III FBRG cotton moderate 61.0 5.2-8.4 22.0-34.1 24.9 
Fabric III FBRG poly slight 61.0 4.9-5.1 19.6-22.4 24.9 
Fabric III FBRG cotton pron-severe 61.0 4.9-5.1 19.6-22.4 24.9 
Surface III FBRG poly slight 61.0 N/A N/A 24.9 
Surface III FBRG cotton min-moderate 61.0 N/A N/A 24.9 
Caged FBRG poly min-moderate 61.0 N/A N/A 24.9 
Caged FBRG cotton min-moderate 61.0 N/A N/A 24.9 
Pig III BR poly slight-minimal 70.5 6.8-7.5 29.4-40.1 38.4 
Pig III BR cotton mod-pron 70.5 6.8-7.5 29.4-40.1 38.4 
Fabric III BR poly minimal 70.5 5.9-6.0 29.9-45.6 38.4 
Fabric III BR cotton complete 70.5 5.9-6.0 29.9-45.6 38.4 
Surface III BR poly moderate 70.5 N/A N/A 38.4 
Surface III BR cotton severe 70.5 N/A N/A 38.4 
Caged BR poly min-moderate 70.5 N/A N/A 38.4 
Caged BR cotton N/A 70.5 N/A N/A 38.4 
 
 





Figure 4.15 SEM Baton Rouge Fabric II Cotton – Gaps Around Bundles. 
 
 




Figure 4.17 Light Micrograph Baton Rouge Fabric II Cotton. 
 
Figure 4.18 SEM Baton Rouge Pig II Cotton. 
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Figure 4.19 SEM Fredericksburg Pig II Cotton. 
 
Figure 4.20 Light Micrograph Fredericksburg Pig II Cotton. 
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Figure 4.21 SEM Polyester Control Sample. 
 
 




Figure 4.23 SEM Fredericksburg Pig III Polyester – Loosened Bundles. 
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CHAPTER 5: DISCUSSION 
The primary goal of this study was to develop a more comprehensive knowledge 
of the effect of the environment on the breakdown of textiles, their rate of decomposition 
and what factors contribute to their deterioration in order to equip forensic investigators 
with another reliable method of determining the PMI of a case.  As noted, multiple 
taphonomic variables affect the decay rate of the human body; everything from 
environmental factors such as climate, soil types, and faunal activity, to factors 
influenced by human activity, such as whether the body was buried or left on the surface, 
coverings placed over the body, and what type of clothing was left on the body.  Due to 
the dramatic interrelation of all the possible taphonomic variables, isolation of just one 
variable in experimental studies is difficult to achieve.  Therefore, the results of this study 
cannot go as far as to suggest that a predictive, universal model of fabric deterioration 
may be produced, nor can PMI be based solely on the deterioration rates of textiles.  
However, certain deteriorative factors, such as insect and scavenger activity, the 
disruption of the weave structure as evidenced by gaps among bundles and increased 
transparency, as well as fading and tensile strength, can and should be assessed by 
investigators when forming an estimate of PMI.   
Based on the results of the FACES Lab research project, an accuracy of 82% 
shows promise in the evaluation of the deterioration of clothing in relation to determining 
the PMI of a forensic case.  In cases where the PMI estimate fell to the periphery of the 
actual PMI, one must be mindful that clothing alone can provide a basis for estimation, 
but taken with the evaluation of the remains, a more accurate assessment will be made.  
One reason for the consideration of as many taphonomic variables as possible is that in 
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short-range PMIs, not all fabric types will exhibit noticeable deterioration.  As compared 
to the studies of Northrop and Rowe (1987) and Singer and Rowe (1989), the results of 
the FACES project detected visible deterioration of polyester beginning at a minimum of 
several months, whereas the mentioned studies noticed no deterioration during either of 
the 12-month-long studies.  The field research project in Baton Rouge and 
Fredericksburg indicated that cotton would show marked deterioration within two 
months, yet polyester did not exhibit any changes until the end of the second interval with 
a PMI of five – six months.   
 The field study also demonstrated that deterioration rates depend largely on the 
presence of decomposing tissue and climate.  Moisture and RH levels were conducive to 
both bacterial growth and hyphae in both locations, but more so in Baton Rouge.  The pH 
levels were conducive as well because the levels stayed within upper acidic to neutral 
ranges throughout the duration of the field study.  Increased exposure to moisture is 
largely responsible for the increased rate of deterioration exhibited by the samples 
independent of decomposing tissue, as opposed to the samples buried with the pig 
specimens.  Due to the hydrophilic tendencies of adipose tissue, increased moisture levels 
stimulated the formation of adipocere.  As noted in the Bradford Experiments (Janaway 
2002:398) and demonstrated in this research project, fabrics associated with adipocere 
deteriorate at a slower rate than fabrics independent of adipocere or decomposing tissue.  
Therefore, increased moisture levels aided preservation of the Pig I, II, and III polyester 
and cotton samples, yet hindered preservation of the independent buried and surface 
fabrics.  Deterioration rates increased dramatically among the cotton samples, as 
evidenced by the disintegration of the samples, which ranged from 10-60% for the buried 
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Fredericksburg samples during the project interval, and the complete or nearly complete 
disintegration of both the buried and surface Baton Rouge samples, which were in 
standing water at times. 
Temperature differentiations could have been influential as well in the overall 
increased deterioration rate of the Baton Rouge samples, as opposed to the 
Fredericksburg samples.  Although temperatures were on average warmer in Baton 
Rouge, Fredericksburg experienced more extreme temperature variations.  In August, 
Fredericksburg experienced two days of a maximum temperature exceeding 100oF, 
whereas Baton Rouge had no days reaching or exceeding 100oF during the study.  Also, 
during November, December, and January, Fredericksburg had 49 days where the 
minimum temperature dropped to or below 32oF, whereas Baton Rouge had only seven 
days.  The greater number of cooler days is particularly important because bacterial 
activity is severely inhibited below 10oC, or approximately 50oF (Chamberlain 2001:14).  
In Fredericksburg, the surface fabrics, both cotton and polyester, from Interval II did not 
vary in deterioration from the samples of Interval III.  Also, the Pig III samples and the 
caged specimen samples deteriorated at similar rates to each other in both Baton Rouge 
and Fredericksburg; however, the Fredericksburg caged specimen was slightly less 
deteriorated than the Baton Rouge sample.  The freezing of the Fredericksburg surface 
and caged fabrics during the third interval could have acted as a preservative after the 
initial deterioration had occurred.   
With such results in mind, in an area with temperatures above freezing, and a 
mildly acidic to neutral pH, cotton can be expected to show visible deterioration within 
two months and marked deterioration after a minimum of several months.  Deterioration 
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rates are dependant on moisture levels and scavenger activity and will vary in extreme 
conditions of any one variable.  In similar conditions, polyester may show slight 
deterioration by the end of two months; the change will be difficult to observe because a 
forensic investigator will not have a control sample with which to compare the fabric.  
More noticeable deterioration will be detectable after a minimum of six months.  In an 
actual forensic case, if items of clothing of both cotton and polyester are present, these 
results indicate that cotton fabrics should be evaluated first to assess whether the case has 
a short-range PMI.  If the case appears to have endured a more long-range exposure 





CHAPTER 6: CONCLUSIONS 
 A linear predictive model of deterioration is not possible because deterioration is 
not linear; it fluctuates with temperature, RH, redox potential, faunal and insect activity, 
and the proliferation of bacterial and fungal activity.  However, as demonstrated by both 
the FACES Lab and field research projects, characteristics of fabric deterioration, such as 
fading, insect and scavenger activity, tensile strength, and gaps in the weave structure, are 
observable and can be assessed to form PMI estimations.  In the FACES Lab research 
project, examination of only clothing offered 82% accuracy in determining PMI.  When 
taken into consideration with other evidence, particularly skeletal materials and 
knowledge of the deposition context, the examination of textiles plays an illuminating, 
complementary role in the formation of PMI estimates. 
 Given the significance of textile examination for PMI estimates, the results of this 
study suggest that forensic investigators make every effort to recover clothing items when 
possible.  In addition to the recovery of clothing items, the items should also be curated in 
order to preserve them and the information that may be gleaned from them.  Items may 
be curated by the methods outlined in this study; the items should be air-dried and stored 
in paper bags or boxes to avoid molding.  Items associated with actively decomposing 
remains may need to be refrigerated to avoid molding. 
 The results of this study also indicate larger implications for archaeological 





Allsopp, Dennis and Kenneth J. Seal 
     1986 Introduction to Biodeterioration. Great Britain: Chaucer Press. 
 
Brown, William H. and Christopher S. Foote 
     1998 Organic Chemistry, 2nd Edition. Orlando: Saunders College Publishing. 
 
Chamberlain, Andrew T. 
     2001 Earthly Remains: The History and Science of Preserved Human Bodies.  
          Oxford: University Press. 
 
Cronyn, J. M. 
     1996 The Elements of Archaeological Conservation. New York: Routledge. 
 
Feller, Robert L. 
     1994 Aspects of Chemical Research in Conservation: The Deterioration Process. 
          Journal of the American Institute for Conservation. 33:91-99. 
 
Haglund, William D. and Marcella H. Sorg, eds. 
1997 Forensic Taphonomy: The Postmortem Fate of Human Remains.  Boca Raton: 
     CRC Press. 
 
Henderson, Janet 
1987 Factors Determining the State and Preservation of Human Remains. In Death, 
     Decay and Reconstruction: Approaches to Archaeology and Forensic Science,  
     edited by A. Boddington, A.N. Garland and R.C. Janaway. Great Britain: 
     Manchester University Press. Pp. 43-54. 
 
Janaway, Robert C. 
     1987 The Preservation of Organic Materials in Association with Metal Artifacts  
     Deposited in Inhumation Graves. In Death, Decay and Reconstruction: 
     Approaches to Archaeology and Forensic Science, edited by A. Boddington, A.N. 
     Garland and R.C. Janaway. Great Britain: Manchester University Press. Pp. 43-54. 
 
2001 Degradation of Clothing and Other Dress Materials Associated with Buried 
     Bodies of Archaeological and Forensic Interest. In Advances in Forensic 
     Taphonomy: Method, Theory, and Archaeological Perspectives, edited by 
     William D. Haglund and Marcella H. Sorg. Boca Raton: CRC Press. Pp. 379-402. 
 
King, Rosalie 
1985 Textile Identification, Conservation, and Preservation. Park Ridge, NJ: Noyles 
     Publishing. 
 
Landi, Sheila 
     1992 The Textile Conservator’s Manual. Oxford: Butterworth-Heinemann Ltd. 
 67
 
Manhein, Mary H. 
     1997 Decomposition Rates of Deliberate Burials: A Case Study of Preservation. 
          In Forensic Taphonomy: The Postmortem Fate of Human Remains, edited by 
     William D. Haglund and Marcella H. Sorg. Boca Raton: CRC Press. Pp. 469-482. 
 
Mann, Robert W. and William Bass and Lee Meadows 
     1990 Time Since Death and Decomposition of the Human Body: Variables and   
          Observations in Case and Experimental Field Studies. Journal of Forensic  
          Sciences. 35:103-111. 
 
Morse, Dan and Robert C. Daily 
1983 The Degree of Deterioration of Associated Death Scene Material. Journal of 
          Forensic Sciences. 30:119-127. 
 
Northrop, D.M. and W. F. Rowe 
1987 Effect of the Soil Environment on the Biodeterioration of Man-Made Textiles. In  
     Biodeterioration 1, edited by G. C. Llewellyn and C. E. O’Rear. New York: 
     Plenum Press. Pp. 7-16. 
 
Pfeiffer, S. and S. Milne and R. M. Stevenson 
     1998 The Natural Decomposition of Adipocere. Journal of Forensic Sciences. 43:368- 
          370. 
 
Rodriguez, W. and W. Bass 
1985 Decomposition of Bodies and Methods That May Aid in Their Location.  
     Journal of Forensic Sciences. 30:836-852. 
 
Schoenly, Kenneth, and Karen Giest and Stanley Rhine 
1991 An Experimental Field Protocol for Investigating the Postmortem Interval Using  
     Multidisciplinary Indicators.  Journal of Forensic Sciences. 36:1395-1415. 
 
Singer, S. M., and W. F. Rowe 
     1989 Biodeterioration of Man-Made Textiles in Various Soil Environments. In  
     Biodeterioration Research 2: General Biodeterioration, Degradation, Mycotoxins, 
     Biotins, and Wood Decay, edited by G. C. Llewellyn and C. E. O’Rear. New York: 
     Plenum Press. Pp. 81-89. 
 
Sorg, Marcella H. and William D. Haglund 
2002 Advancing Forensic Taphonomy: Purpose, Theory, and Practice. In Advances 
     in Forensic Taphonomy: Method, Theory, and Archaeological Perspectives, edited  
     by William D. Haglund and Marcella H. Sorg. Boca Raton: CRC Press. Pp. 3-30. 
 
Tan, Kim H. 




     1997  Taphonomic Applications in Forensic Anthropology. In Forensic  
     Taphonomy: The Postmortem Fate of Human Remains, edited by William D. 
     Haglund and Marcella H. Sorg.  Boca Raton: CRC Press. Pp. 77-92. 
 
Zumdahl, Steven S. 




APPENDIX A: BATON ROUGE METEOROLOGICAL DATA 
Date Mean Temp (F) Max Temp (F) Min Temp (F) Humidity High (%) Precipitation (in) 
06/03/02 78.5 91 66 94 0 
06/04/02 82 94 70 94 0.03 
06/05/02 79 88 70 100 0.1 
06/06/02 81.5 93 70 100 0 
06/07/02 83.5 94 73 94 0.01 
06/08/02 82 91 73 100 0 
06/09/02 80 90 70 100 0 
06/10/02 81.5 90 73 100 0 
06/11/02 80.5 92 69 100 0 
06/12/02 82 94 70 100 0 
06/13/02 82.5 93 72 94 0 
06/14/02 81.5 93 70 89 0 
06/15/02 75.5 89 62 94 0 
06/16/02 74 83 65 89 0.06 
06/17/02 76.5 85 68 88 0.05 
06/18/02 79.5 91 68 94 0.01 
06/19/02 80.5 91 70 100 0.01 
06/20/02 81.5 93 70 100 0.6 
06/21/02 81 93 69 100 0 
06/22/02 76.5 88 65 94 0 
06/23/02 74 82 66 94 0.07 
06/24/02 75.5 84 67 100 0.4 
06/25/02 78.5 88 69 100 0.63 
06/26/02 74 79 69 100 0.62 
06/27/02 77.5 84 71 94 0.37 
06/28/02 79 88 70 100 0.98 
06/29/02 81.5 92 71 100 0 
06/30/02 82.5 92 73 100 0 
07/01/02 80 89 71 94 0.01 
07/02/02 80 88 72 94 0.81 
07/03/02 80 89 71 100 0.24 
07/04/02 81 90 72 100 0 
07/05/02 81.5 89 74 100 0.13 
07/06/02 82.5 93 72 100 0.04 
07/07/02 83.5 94 73 100 0.23 
07/08/02 80.5 91 70 100 0.06 
07/09/02 81 89 73 100 0.07 
07/10/02 82 91 73 100 0 
07/11/02 82.5 92 73 100 0 
07/12/02 83.5 94 73 100 0.08 
07/13/02 79 85 73 94 0.05 
07/14/02 79.5 87 72 100 0.38 
07/15/02 80.5 89 72 94 0 




Date Mean Temp (F) Max Temp (F) Min Temp (F) Humidity High (%) Precipitation (in) 
07/17/02 81 92 70 100 0 
07/18/02 83.5 94 73 94 0 
07/19/02 84.5 93 76 84 0 
07/20/02 85 94 76 89 0 
07/21/02 83.5 94 73 94 0 
07/22/02 83 94 72 94 0 
07/23/02 81 91 71 100 0.27 
07/24/02 82.5 93 72 100 0 
07/25/02 80.5 88 73 94 0 
07/26/02 81 89 73 100 0.07 
07/27/02 82 93 71 100 0 
07/28/02 83 93 73 100 0.92 
07/29/02 82 90 74 100 0 
07/30/02 79.5 86 73 100 0.02 
07/31/02 82 93 71 100 0 
08/01/02 82.5 91 74 94 0 
08/02/02 84.5 96 73 94 0 
08/03/02 82.5 94 71 100 0 
08/04/02 82.5 94 71 83 0 
08/05/02 80.5 88 73 94 0.01 
08/06/02 76.5 79 74 100 0.23 
08/07/02 84 95 73 100 0 
08/08/02 84.5 94 75 89 0 
08/09/02 79.5 92 67 100 0 
08/10/02 79.5 92 67 94 0 
08/11/02 80 90 70 100 2.03 
08/12/02 80.5 90 71 100 0 
08/13/02 80.5 91 70 100 0.46 
08/14/02 78 85 71 94 0 
08/15/02 80 87 73 100 1.06 
08/16/02 82 92 72 100 0.01 
08/17/02 83 93 73 100 0 
08/18/02 83.5 93 74 100 0 
08/19/02 83.5 94 73 100 0 
08/20/02 83.5 94 73 100 0 
08/21/02 83 93 73 94 0 
08/22/02 79 85 73 100 0.73 
08/23/02 81.5 91 72 100 0.07 
08/24/02 83 94 72 100 0 
08/25/02 83.5 93 74 100 0 
08/26/02 82 92 72 100 0 
08/27/02 81.5 93 70 100 0 
08/28/02 80.5 91 70 94 0 
08/29/02 81.5 92 71 94 0 
08/30/02 82 92 72 94 0 
08/31/02 83 93 73 94 0.03 
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Date Mean Temp (F) Max Temp (F) Min Temp (F) Humidity High (%) Precipitation (in) 
09/01/02 82.5 92 73 100 0 
09/02/02 81.5 91 72 100 0.13 
09/03/02 79 85 73 100 0.13 
09/04/02 80 87 73 100 0.19 
09/05/02 81.5 90 73 100 0 
09/06/02 79 84 74 100 0.08 
09/07/02 78 82 74 94 0.29 
09/08/02 77.5 81 74 94 0.21 
09/09/02 81.5 90 73 100 0 
09/10/02 82 92 72 100 0 
09/11/02 82.5 95 70 94 0 
09/12/02 84 95 73 88 0 
09/13/02 83 94 72 94 0.29 
09/14/02 82.5 92 73 100 0 
09/15/02 84.5 94 75 94 0 
09/16/02 81.5 90 73 100 0.22 
09/17/02 80 87 73 100 0.33 
09/18/02 82 91 73 100 0 
09/19/02 82 92 72 94 0 
09/20/02 81 88 74 100 0.35 
09/21/02 81.5 90 73 100 0.01 
09/22/02 81.5 89 74 100 0.02 
09/23/02 78 85 71 88 0 
09/24/02 74 78 70 94 0.17 
09/25/02 71 73 69 100 1.93 
09/26/02 71.5 74 69 94 1.84 
09/27/02 75.5 86 65 100 0 
09/28/02 76 87 65 94 0 
09/29/02 76 86 66 100 0 
09/30/02 78 88 68 100 0.01 
10/01/02 81 91 71 100 0 
10/02/02 80.5 89 72 100 0.26 
10/03/02 76.5 79 74 94 2.59 
10/04/02 83.5 90 77 89 0 
10/05/02 81 90 72 100 0.47 
10/06/02 80 89 71 100 0 
10/07/02 75.5 82 69 100 0 
10/08/02 73 80 66 100 0.01 
10/09/02 74 77 71 94 1.06 
10/10/02 76.5 82 71 89 0.02 
10/11/02 69.5 73 66 94 0.01 
10/12/02 73.5 83 64 100 0 
10/13/02 71.5 81 62 88 0 
10/14/02 65 74 56 82 0 
10/15/02 62.5 72 53 82 0 
10/16/02 60 73 47 87 0 
10/17/02 60.5 74 47 88 0 
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Date Mean Temp (F) Max Temp (F) Min Temp (F) Humidity High (%) Precipitation (in) 
10/18/02 65 80 50 88 0 
10/19/02 73.5 84 63 94 0.03 
10/20/02 71 78 64 94 0.06 
10/21/02 70 75 65 90 0.04 
10/22/02 70.5 77 64 94 0.02 
10/23/02 69.5 74 65 88 0.01 
10/24/02 70.5 77 64 94 0 
10/25/02 68 73 63 94 1.02 
10/26/02 72 75 69 88 0.22 
10/27/02 73.5 77 70 90 1.77 
10/28/02 75.5 77 74 94 0.2 
10/29/02 72 76 68 94 1.51 
10/30/02 69 79 59 88 0 
10/31/02 63 73 53 88 0 
11/01/02 58 66 50 88 0 
11/02/02 56.5 65 48 94 0.04 
11/03/02 61.5 69 54 100 0.36 
11/04/02 61.5 66 57 96 0.12 
11/05/02 63.5 75 52 100 1.45 
11/06/02 54 64 44 93 0 
11/07/02 53.5 67 40 100 0 
11/08/02 57 72 42 100 0 
11/09/02 69.5 79 60 94 0 
11/10/02 79 84 74 89 0.11 
11/11/02 71 80 62 100 0.15 
11/12/02 57 67 47 82 0 
11/13/02 53 65 41 93 0 
11/14/02 54.5 71 38 93 0 
11/15/02 64 74 54 94 0.45 
11/16/02 47 54 40 77 0 
11/17/02 49.5 62 37 93 0 
11/18/02 56 73 39 93 0 
11/19/02 64 70 58 100 0.18 
11/20/02 56.5 64 49 100 0.73 
11/21/02 56.5 70 43 100 0 
11/22/02 50 60 40 76 0 
11/23/02 49 63 35 93 0 
11/24/02 53.5 70 37 94 0 
11/25/02 61.5 75 48 94 0 
11/26/02 57.5 67 48 100 0 
11/27/02 46.5 52 41 93 0 
11/28/02 45 55 35 93 0 
11/29/02 47 64 30 87 0 
11/30/02 57 68 46 100 0.17 
12/01/02 48 58 38 76 0 
12/02/02 52.5 70 35 93 0 
12/03/02 57.5 63 52 94 1.58 
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Date Mean Temp (F) Max Temp (F) Min Temp (F) Humidity High (%) Precipitation (in) 
12/04/02 59 73 45 100 1.24 
12/05/02 39.5 45 34 87 0 
12/06/02 41 52 30 87 0 
12/07/02 41.5 54 29 93 0 
12/08/02 47.5 59 36 71 0 
12/09/02 49 62 36 87 0.17 
12/10/02 46 53 39 93 0.24 
12/11/02 45.5 57 34 93 0 
12/12/02 47.5 55 40 94 0.21 
12/13/02 53.5 59 48 100 0.08 
12/14/02 48 59 37 93 0 
12/15/02 47 63 31 93 0 
12/16/02 54.5 72 37 93 0 
12/17/02 63.5 74 53 88 0 
12/18/02 67 77 57 94 0 
12/19/02 64 75 53 94 0.17 
12/20/02 50 61 39 87 0 
12/21/02 50 67 33 93 0 
12/22/02 64.5 73 56 100 0.01 
12/23/02 65 72 58 100 1.45 
12/24/02 56.5 73 40 100 0.83 
12/25/02 42 48 36 70 0 
12/26/02 41.5 50 33 81 0 
12/27/02 49.5 61 38 87 0 
12/28/02 48 64 32 93 0 
12/29/02 56 74 38 93 0 
12/30/02 61.5 71 52 88 0 
12/31/02 56.5 66 47 100 1.17 
01/01/03 51.5 60 43 87 0 
01/02/03 47.5 56 39 88 0 
01/03/03 42.5 53 32 93 0 
01/04/03 45 61 29 93 0 
01/05/03 52 68 36 93 0 
01/06/03 52.5 65 40 100 0 
01/07/03 43 54 32 93 0 
01/08/03 49 65 33 93 0 
01/09/03 57.5 70 45 100 0 
01/10/03 -- -- -- 94 -- 
01/11/03 42 49 35 70 0.01 
01/12/03 -- -- -- 57 -- 
01/13/03 45.5 56 35 70 0 
01/14/03 -- -- -- 93 -- 
01/15/03 46 57 35 93 0 
Avg/Sum 70.5 80.1 61.0 94.6 38.37 
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APPENDIX B: FREDERICKSBURG METEOROLOGICAL DATA 
Date Mean Temp (F) Max Temp (F) Min Temp (F) Humidity High (%) Precipitation (in)
06/12/02 81 97 65 69 0 
06/13/02 74.5 80 69 100 0 
06/14/02 68.5 70 67 100 0.68 
06/15/02 72 79 65 94 0.47 
06/16/02 69 81 57 88 0.01 
06/17/02 72 84 60 94 0.07 
06/18/02 71 83 59 88 0 
06/19/02 72.5 84 61 83 0 
06/20/02 72 82 62 94 0 
06/21/02 71.5 85 58 88 0 
06/22/02 72 85 59 94 0 
06/23/02 74 87 61 94 0 
06/24/02 76 91 61 88 0 
06/25/02 82 93 71 94 0 
06/26/02 85.5 95 76 70 0.24 
06/27/02 84.5 95 74 94 0 
06/28/02 82.5 94 71 94 0.14 
06/29/02 81 94 68 94 0 
06/30/02 77.5 91 64 88 0 
07/01/02 76.5 90 63 69 0 
07/02/02 81.5 93 70 80 0 
07/03/02 83 95 71 86 0 
07/04/02 86 97 75 78 0 
07/05/02 85 98 72 83 0 
07/06/02 82.5 98 67 64 0 
07/07/02 73.5 86 61 88 0 
07/08/02 76 89 63 88 0 
07/09/02 80.5 96 65 65 0 
07/10/02 86 98 74 83 0 
07/11/02 77 87 67 63 0 
07/12/02 66.5 80 53 82 0 
07/13/02 71 87 55 64 0 
07/14/02 74.5 84 65 94 0.23 
07/15/02 71.5 80 63 94 0.12 
07/16/02 78.5 90 67 88 0 
07/17/02 80 94 66 83 0 
07/18/02 82 97 67 73 0 
07/19/02 82 97 67 89 0.01 
07/20/02 82 97 67 94 0.01 
07/21/02 80.5 90 71 83 0 
07/22/02 81.5 93 70 88 0 
07/23/02 84.5 99 70 73 0 
07/24/02 84 97 71 94 0.17 
07/25/02 77 83 71 83 0 
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Date Mean Temp (F) Max Temp (F) Min Temp (F) Humidity High (%) Precipitation (in)
07/26/02 71.5 75 68 94 0.02 
07/27/02 68.5 71 66 94 1 
07/28/02 77.5 87 68 88 0 
07/29/02 84.5 98 71 78 0 
07/30/02 85.5 97 74 93 0 
07/31/02 77 82 72 78 0 
08/01/02 83.5 95 72 83 0 
08/02/02 84 97 71 88 0.1 
08/03/02 85 99 71 78 0 
08/04/02 84 99 69 83 0 
08/05/02 84.5 99 70 78 0.55 
08/06/02 80 87 73 83 0.03 
08/07/02 70.5 83 58 68 0 
08/08/02 68 80 56 82 0 
08/09/02 70.5 83 58 82 0 
08/10/02 73 88 58 77 0 
08/11/02 75.5 92 59 82 0 
08/12/02 80.5 96 65 78 0 
08/13/02 83 98 68 78 0 
08/14/02 85.5 100 71 57 0 
08/15/02 87 100 74 83 0 
08/16/02 85.5 98 73 88 0 
08/17/02 82.5 92 73 78 0 
08/18/02 84.5 96 73 89 0.02 
08/19/02 84.5 97 72 83 0 
08/20/02 84.5 97 72 78 0 
08/21/02 81.5 92 71 83 0.2 
08/22/02 81 91 71 73 0 
08/23/02 83.5 96 71 74 0 
08/24/02 85.5 96 75 94 0.1 
08/25/02 83.5 96 71 83 0.1 
08/26/02 78.5 89 68 83 0 
08/27/02 76 83 69 88 0 
08/28/02 73 82 64 94 1 
08/29/02 63 67 59 94 2 
08/30/02 66 73 59 88 0 
08/31/02 68 75 61 78 0 
09/01/02 68.5 75 62 94 0.3 
09/02/02 64.5 67 62 88 0.3 
09/03/02 68 76 60 88 0 
09/04/02 76 90 62 94 0 
09/05/02 76.5 90 63 68 0 
09/06/02 73 84 62 88 0 
09/07/02 69 80 58 88 0 
09/08/02 70 82 58 94 0 
09/09/02 69.5 82 57 94 0 
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Date Mean Temp (F) Max Temp (F) Min Temp (F) Humidity High (%) Precipitation (in)
09/10/02 73 87 59 73 0 
09/11/02 76.5 88 65 73 0 
09/12/02 71.5 88 55 77 0 
09/13/02 65 78 52 88 0 
09/14/02 68 84 52 94 0 
09/15/02 68 84 52 94 0.24 
09/16/02 67.5 84 51 88 0.4 
09/17/02 74 85 63 88 0 
09/18/02 71.5 83 60 88 0 
09/19/02 71 83 59 88 0 
09/20/02 74 82 66 88 0 
09/21/02 75 85 65 88 0 
09/22/02 76.5 88 65 83 0 
09/23/02 75.5 86 65 83 0 
09/24/02 62.5 75 50 87 0.01 
09/25/02 63.5 77 50 88 0 
09/26/02 64.5 74 55 94 0 
09/27/02 62.5 64 61 94 0.8 
09/28/02 72.5 83 62 89 0.1 
09/29/02 66 77 55 94 0 
09/30/02 65 75 55 94 0 
10/01/02 68 78 58 88 0 
10/02/02 71 82 60 88 0 
10/03/02 73.5 86 61 88 0 
10/04/02 74.5 86 63 94 0 
10/05/02 76.5 87 66 78 0 
10/06/02 72 88 56 72 0 
10/07/02 65 74 56 82 0 
10/08/02 63 68 58 66 0 
10/09/02 62.5 77 48 82 0 
10/10/02 58.5 64 53 94 0 
10/11/02 62 65 59 94 0.55 
10/12/02 65.5 69 62 88 0.92 
10/13/02 66.5 73 60 94 0 
10/14/02 59.5 73 46 81 0 
10/15/02 50 60 40 88 0 
10/16/02 49.5 58 41 94 0.99 
10/17/02 52 60 44 93 0.49 
10/18/02 48.5 60 37 93 0.03 
10/19/02 50 63 37 87 0 
10/20/02 55.5 65 46 88 0 
10/21/02 54.5 59 50 82 0.1 
10/22/02 51 60 42 87 0.01 
10/23/02 52 64 40 87 0 
10/24/02 54 68 40 66 0 
10/25/02 51 58 44 88 0 
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Date Mean Temp (F) Max Temp (F) Min Temp (F) Humidity High (%) Precipitation (in)
10/26/02 47.5 51 44 94 0.81 
10/27/02 58 68 48 88 0 
10/28/02 58 66 50 87 0 
10/29/02 48 52 44 87 0.27 
10/30/02 42 45 39 87 0.9 
10/31/02 39.5 41 38 87 0.36 
11/01/02 40 49 31 87 0.01 
11/02/02 42.5 56 29 80 0 
11/03/02 41 53 29 86 0 
11/04/02 43.5 56 31 81 0 
11/05/02 46.5 57 36 93 0.03 
11/06/02 46.5 57 36 81 0.83 
11/07/02 49.5 55 44 87 0 
11/08/02 43 55 31 77 0 
11/09/02 51 66 36 77 0 
11/10/02 56.5 71 42 94 0 
11/11/02 65.5 73 58 94 0.39 
11/12/02 64 73 55 87 0.4 
11/13/02 51 55 47 87 1 
11/14/02 41 51 31 76 0 
11/15/02 48 64 32 88 0 
11/16/02 52.5 64 41 87 0.2 
11/17/02 47 52 42 81 1.4 
11/18/02 42.5 52 33 86 0.5 
11/19/02 40 52 28 87 0 
11/20/02 41.5 55 28 87 0 
11/21/02 44 60 28 93 0 
11/22/02 47.5 55 40 53 0 
11/23/02 43.5 52 35 80 0 
11/24/02 39.5 50 29 86 0 
11/25/02 45.5 62 29 66 0 
11/26/02 49 67 31 81 0 
11/27/02 43 49 37 80 0.01 
11/28/02 32 43 21 80 0 
11/29/02 31 42 20 50 0 
11/30/02 36 52 20 50 0 
12/01/02 45 58 32 64 0 
12/02/02 32 40 24 55 0 
12/03/02 37.5 51 24 53 0 
12/04/02 22 30 14 62 0 
12/05/02 22.5 31 14 86 0.6 
12/06/02 24.5 29 20 86 0.21 
12/07/02 25 38 12 85 0 
12/08/02 28.5 44 13 69 0 
12/09/02 38 53 23 64 0 
12/10/02 28.5 35 22 74 0 
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Date Mean Temp (F) Max Temp (F) Min Temp (F) Humidity High (%) Precipitation (in)
12/11/02 30.5 36 25 87 0.13 
12/12/02 32 35 29 93 0.79 
12/13/02 37.5 47 28 93 0 
12/14/02 34 39 29 93 0 
12/15/02 38 48 28 86 0.7 
12/16/02 40 53 27 61 0 
12/17/02 34.5 47 22 80 0 
12/18/02 31 40 22 56 0 
12/19/02 36.5 42 31 93 0 
12/20/02 49 60 38 88 0.1 
12/21/02 48 62 34 56 0 
12/22/02 45 57 33 48 0 
12/23/02 47 59 35 46 0 
12/24/02 47 54 40 81 0 
12/25/02 37 41 33 87 1.28 
12/26/02 37 41 33 56 0.13 
12/27/02 33.5 45 22 86 0 
12/28/02 30.5 40 21 86 0 
12/29/02 34 47 21 80 0 
12/30/02 38.5 52 25 86 0 
12/31/02 37.5 50 25 86 0 
01/01/03 37.5 50 25 94 0 
01/02/03 49.5 58 41 87 0.86 
01/03/03 40.5 42 39 87 0.29 
01/04/03 37 41 33 70 0.07 
01/05/03 33.5 42 25 93 0 
01/06/03 29.5 32 27 93 0.02 
01/07/03 31 37 25 59 0 
01/08/03 32.5 40 25 66 0 
01/09/03 42.5 60 25 53 0 
01/10/03 50 66 34 70 0 
01/11/03 34.5 48 21 47 0 
01/12/03 25.5 31 20 63 0.1 
01/13/03 25 36 14 73 0 
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